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ABSmAGT 
Pepsin is an aclfl protease and contains 327 amino acid 
residues in a single polypeptide chain whose ^ ^^^ ^^  terminals 
are isoleuclne and alanine. The primary structure of porcine pepsin 
Is now known* The polypeptide chain is cross linked by three dlsul-
phlde bonds. The residues at the active site are aspartic acid 32i 
aspartlc acid 315 and arglnine 316, Although pepsin is one of the 
few well known proteolytic enzymes^ the molecular basis of its 
biological function is not known with the same certainty as those 
of chymotrypsin, trypsin, papain and carboxypeptidase. This is 
primarily due to the lack of information on the intimate details of 
the native structure of pepsin* Further, the data on the physico-
chemical properties of pepsin have generally been obtained with 
commercial sample of"questionable purity* 
The commercial porcine pepsin was heterogeneous, both with 
respect to the size as well as charge as evident from the presence 
of two peaks in the gel chromatography and three bands in the 
polyaeryICamide gel electrophoretogram* The remaining pepsin 
obtained after removing the split product was homogeneous with 
respect to size and the charge and was proteolytioally as active 
as the pepsin freshly prepared from pepsinogen. 
(lii) 
fhe hydrodynamic behaviour of the remaining pepsin as d e t e r -
mined by i t s i n t r i n s i c v i scos i ty and the gel f i l t r a t i o n behaviour 
suggested that the prote in e x i s t s in a coiapact and globular conforma-
tion trader nat ive conditions* Pepsin i s a rugged molecule and does 
not denature completely tn 10 M urea or ip 6 M guanidine hydro-
chloride as indicated by the data on i n t r i n s i c v i scos i ty of pepsin 
with d isu l f ide bonds reduced, In 10 M urea or in 6 M guanidine 
hydrochloride* However, these r e s u l t s indicated tha t the two deiia-
turants caused extensive disrupt ion of the nat ive conformation of 
pepsin* 
The t i t r a t i o n of phenoxyl groups in the remaining pepsin was 
studied at 295 nm in the pH range 8.6 - 13.2 a t 25**, a t ionic 
s trength 0.25* The r e s u l t s revealed that a t o t a l of 15 phenoxyl 
groups were t i t r a t e d up to pH 13.2 and tha t e ight t i t r a t e d revers ib ly 
upto pH 12.0, with an apparent pK of about 11.5, Thus the seven 
groups which were inaccess ible to solvent in the nat ive remaining 
pepsin became avai lable for t i t r a t i o n only upon extensive disrupt ion 
of the nat ive prote in conformation by a lka l i t reatment . Moreover, 
even the eight phenoxyl groups which are exposed, are under the 
influence of strong e l e c t r o s t a t i c i n t e rac t ion as evident from the 
abnormally large pK value. Similar analysis of the t i t r a t i o n r e s u l t s 
in fresh pepsin showed tha t 14 phenoagrl groups were t i t r a t e d upto 
pH 12.7, e ight of them t i t r a t e d revers ib ly upto pH 12.0. Among the 
exposed groups, 5 were t i t r a t e d with an (^parent pK of about 10^4 
and the remaining 3 had a pK grea ter than 10.4. Thus, in cont ras t 
to the remaining pepsin, the t i t r a t i o n behaviour of about 62% of the 
^ ( l y ) 
; . ' ! 
i 
exposed pheaoxyl groups was near normal* In the £ibsence of i n t l - ; 
I mate Inforwiatlon on the three dimensional s t ruc ture of pepsin I t I s * 
hard to Ident i fy the seven hurled tyrosyl groups. However, based on i 
I the i r pos i t ions In the amino acid sequence, the tyrosyl residues ' 
j which wi l l prefer to have hydrophohlc environment may he tyrosines 
\ 113, 114, 12S, 1S4, 189, 268 and 2T5* The five 'normal' phenoxyl 
^ groups in fresh pepsin may he tyrosine 44, 86, 1T4, 175 and 310. j 
• • " ' " • ' ' •"' ^ ' •' ^ ' ^ ^ ' ^ • "" • - " - - ^ - - j 
The autolysis of pepsin showed significant pH dependence. i 
J The autolysis was maximum in the pH range 0.5 - 2.0 and fell steeply 
r as the pH was raised to 2.4. Mi additional increase In pH by one 
• unit did not cause any measurable decrease in autolysis* When the 
1 ' • ' 
I pH was Increased above pH 3,4, the decrease In au to lys i s was gradual 
upto pH 5*0, above which the auto lys is was not de tec tab le . The j 
au to lys i s followed f i r s t order k i n e t i c s in the pH range 1.7 - 4 ,0 , ! 
As expected, the f i r s t order r a t e constant was higher a t low pH 
( l . 7 - 2.0) and decreased ra the r s teeply by increasing the pH above j 
2.0. Prom the p rof i l e of pH*logarlthm ra te constant i t seemed that | 
an lonizable group of pE 2*5, probably earboxyl group, i s Involved \ 
in the autodigestlon of pepsin. The nature of the pH dependence of i 
I 
auto lys is of pepsin I s cons is ten t with i t s pH~aetlvity prof i le? the 
p ro teo ly t i c a c t i v i t y of pepsin against na tura l subs t ra te I s maximum ! 
near pH 2.0, Despite marked dependence of the au to lys i s on pH, the 
influence of ionic s t rength was found to be In s ign i f i can t . 
\ 
t 
The organic solvents, such as methanol, ethanol, iso-propanol, 
ethylene glycol, propylene glycol, dloxane and dimethyl formamlde 
did not influence autolysis to any appreciable extent* Some of them \ 
J (v) 
may do so by Inactivating the enzyme. 
The autolysis of pepsin was greatly enhanced hy urea and the 
increase was linear from 2 M to 8 M urea* Above 8 M, the Increase 
was more steep. The autolysis obeyed the first order kinetics at 
all urea concentrations from 0 - lO M, The rate constant remained 
unaltered upto 0 M urea beyond which a steep rise took place with 
increase in urea concentration,^ Analysis of the data obtained in 
the region 6 - 1 0 M, revealed that the rate constant varied with the 
I seven power of urea concentration, Similairly, guanidine hydro-
I chloride also influenced the autolysis which increased appreciably 
i as the time of incubation or guanidine hydrochloride concentration 
was increased* As expected, at a given concentration, guanidine 
I hydrochloride was more effective than urea in enhancing the au4;olysls^  
lilkewise, sodium dodecyl sulphate which is also a potent protein 
denaturant, produced increase in the autolysis of pepsin. The 
concentrations of the three protein denaturants namely urea, 
guanidine hydrochloride and sodiumi dodecyl sulphate, used in this 
study did not produce complete denaturation but probably gave a 
mixed population of pepsin consisting of folded (active) and un-
folded (inactive) pepsin. The unfolded pepsin molecule would 
naturally serve as a better substrate for the active enzyme and j 
thereby the autolysis would be enhanced. ^ 
The per cent split product increased as the temperature 
was raised both In presence and absence of 3 or 10 M urea. The { 
activation energies for the autolysis of pepsin in aqueous, 8 M urea ' 
(vl) 
1 
and In 10 M urea were found to be respectively 10, 14 and 24 kcal/ 
mole. Thus the activation energy showed significant dependence on 
urea concentration. 
Three fractions of the split product were isolated from the 
cOBuaerolai sample of porcine pepsin* The molecular weight of the 
three fractions as measured by gel chromatography were 4593, 4305 
and 3111 respectively* Contrary to the previous findings and in 
agreement with the observations of Deteniiann and his group, none of 
these split products were proteolytically active. 
(vti) 
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MSTUACT 
Pepsin is an acid protease and contains 327 amino acid 
residues in a single polypeptide chain whose N- and C- terminals, 
are isoleucine and alanine. The primary structure of porcine pepsin 
; is now known. The polypeptide chain is cross linked by three disul-
) phide bonds. The residues at the active site are aspartic acid 32, 
aspartic acid 215 and arginine 316. Although pepsin is one of the 
I few well known proteolytic enzymes, the molecular basis of its 
biological function is not known with the same certainty as those 
of chymotrypsin, trypsin, papain and carboxypeptidase. This is 
primarily due to the lack of information on the intimate details of 
the native structure of pepsin. Further, the data on the physico-
1 chemical properties of pepsin have generally been obtained with 
commercial sample of questionable purity. 
The commercial porcine pepsin was heterogeneous, both with 
respect to the size as well as charge as evident from the presence 
of two peaks in the gel chromatography and three bands in the 
polyacrylCamide gel electrophoretogram. The remaining pepsin 
obtained after removing the split product was homogeneous with 
respect to size and the charge and was proteolytically as active 
' as the pepsin freshly prepared from pepsinogen. 
(ill) 
The hydrodynamic behaviour of the remaining pepsin as deter-
i 
mined by its intrinsic viscosity and the gel filtration behaviour ! 
suggested that the protein exists in a compact and globular confor-
mation under native conditions. Pepsin is a rugged molecule and 
does not denature completely in iO M urea or in 6 M guanidine hydro-
chloride as indicated by the data on intrinsic viscosity of pepsin 
with disulfide bonds reduced, in 10 M urea or in 6 M guanidine 
hydrochloride* However, these results indicated that the two dena-
I 
turants caused extensive disruption of the native conformation of 
'I 
pepsin. ! 
The titration of phenosyl groups in the remaining pepsin was 
studied at 295 nm in the pH range 8.6 - 13.2 at 25°, at ionic « 
strength 0.25. The results revealed that a total of 15 phenoxyl 
groups were titrated upto pH 13.2 and that eight titrated reversibly [ 
upto pH 12.0, with an apparent pK of about 11.5. Thus the seven i 
groups which were inaccessible to solvent in the native remaining | 
i 
pepsin became available for titration only upon extensive disrup-
tion of the native protein conformation by alkali treatment. More-
5 
over, even the eight phenoxyl groups which are exposed, are under 
the influence of strong e l e c t r o s t a t i c in t e rac t ion as evident from 
the abnormally large pK value. Similar analysis of the t i t r a t i o n ^ 
r e su l t s in fresh pepsin showed tha t 14 phenoxyl groups were t i t r a t e d 
upto pH 12,7, eight of them t i t r a t e d revers ib ly upto pH 12.0. itoong 
the exposed groups, 5 were t i t r a t e d with an apparent pK of about 
10.4 and the remaining 3 had a pK greater than 10.4, Thus, in 
cont ras t to the remaining pepsin, the t i t r a t i o n behaviour of about 
( iv) 
62^ of the exposed phenoxyl groups ;was> near normal. In the absence ^ 
of Intimate information on the three dimensional s t ruc tu re of pepsin I 
i t i s hard to ident i fy the seven buried tyrosyl groups. However, i 
I 
based on the i r pos i t ions in the amino acid sequence, the tyrosyl 
residues which \dLll prefer to have hydrophobic environment may be j 
tyrosines 113, 114, 125, 154, 189, 268 and 275. The five 'normal' 
phenoxyl groups in fresh pepsin may be tyrosine 44, 86, 174, 175 
and 310. 
The autolys is of pepsin showed s igni f icant pH dependence. 
The au to lys is was maximum in, the pH range 0,5 - 2,0 and f e l l s teeply 
as the pH was raised to 2,4, An addi t ional Increase in pH by one 
unit did not cause any measurable decrease in au to lys i s . When the 
pH was increased above pH 3,4, the decrease in au to lys i s was gradual 
up to pH 5.0, above which the auto lys is was not de tec tab le . The 
autolys is followed f i r s t order k ine t i c s in the pH range 1.7 - 4 ,0 , 
As expected, the f i r s t order r a t e constant was higher a t low pH 
( l , 7 - 2,0) and decreased ra ther steeply by increasing the pH above 
2.0, From the prof i l e of pH-logarithm ra t e constant i t seemed that 
an lonizable group of pK 2 .5 , probably carboxyl group, i s involved 
in the autodigestion of pepsin. The nature of the pH dependence of > 
autolys is of pepsin i s consis tent with i t s pH-act ivi ty p r o f i l e ; the I 
pro teo ly t ic a c t i v i t y of pepsin against na tura l subst ra te i s maximum 
near pH 2.0. Despite marked dependence of the autolys is on pH, the 
influence of ionic strength was found to be insignif iccuit , i 
The organic so lvents , such as methanol, e thanol , I s o -
propanol, ethylene g lycol , propylene g lycol , dioxane and dimethyl , 
HI I 
formamide did not influence autolysis to any appreciable extent. 
Some of them may do sO by Inactivating the enzyme. 
Tlie autolysis of pepsin was greatly enhanced by urea and the 
increase was linear from 2 M to 8 M urea. Above 8 M, the increase 
was more steep. The autolysis obeyed the first order kinetics dt 
all urea concentrations from 0 - 10 M. The rate constant remained 
unaltered upto 6 U urea beyond which a steep rise took place with 
increase in urea concentration. iUialysis of the data obtained in 
the region 6 -,10 M, revealed that the rate constant varied with the 
seven power of urea concentration. Similarly, guanidine hydro-
chloride also influenced the autolysis which increased appreciably 
as the time of incubation or guanidine hydrochloride concentration 
was increased. As expected, at a given concentration, guanidine 
hydrochloride was more effective than urea in enhancing the autolysis 
Likewise, sodium dodecyl sulphate which is also a potent protein 
denaturant, produced increase in the autolysis of pepsin. The 
concentrations of the three protein denaturants namely urea, 
guanidine hydrochloride and sodium dodecyl sulphate, used in this 
study did not produce complete denaturation but probably gave a 
mixed population of pepsin consisting of folded (active) and vtn-
folded (inactive) pepsin. The unfolded pepsin molecule would 
naturally serve as a better substrate for the active enzyme and 
thereby the autolysis would be enhanced. 
The per cent split product increased as the temperature 
was raised both in presence and absence of 8 or 10 M urea. The 
activation energies for the autolysis of pepsin in aqueous, 8 M urea 
(vt) , 
and in 10 M urea were found to be respectively 10, 14 and 24 kcal/ 
mole. Thus the activation energy showect significant dependence on 
urea concentration. 
Three fractions of the split product were isolated from the 
commercial sample of porcine pepsin. The molecular weight of the 
three fractions as measured hy gel chromatography were 4593, 4305 
and 3111 respectively. Contrary to the previous findings and in 
agreement with the observations of Determann and his group, none 
of these split products were proteolytically active. 
(vli) 
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I . INTRODUCTION 
Pepsin discovered In 1783 i s synthesized as zymogen c a l l e d 
pepsinogen ( l ) which i s converted to the ac t ive form (pepsin) by 
the cleavage of Glu-I le bond at pH 2.0 with' the r e l e a s e of a highly 
bas ic peptide containing 41 amino acids ( 2 - 4 ) , The conversion of 
pepsinogen to pepsin depends on the pH of the a c t i v a t i o n process . 
I f the ac t ivat ion i s carried out at pH 3.0 or 3.9 ins tead of at 
pH 2 . 0 , addit ional act ive spec ie s are obtained ( 5 ) . The macromole-
cular conformation of the zymogen markedly d i f f e r s from that of the 
enzyiae ( 6 , 7 ) , The nat ive conformation of pepsinogen i s primarily 
s t a b i l i z e d by e l e c t r o s t a t i c i n t e r a c t i o n , whereas, the major force 
responsible for the s t a b i l i t y ot the nat ive enzyme conformation i s 
hydrophobic one(7) . 
The enzyme p r e f e r e n t i a l l y c leaves the peptide bond whose 
carbonyl group i s provided by l e u c i n e , a lanine , tyrosine phenyl-
alanine and glutamic acid ( 8 , 9 ) , The good synthet ic substrates 
(10-15) Include: acety1-pheny1alany1-tyrosine, acety l -L-phenyla lanyl -
d l lodo-L- tyros ine , benzyloxycarbonyl-L-glutamyl-L-tyrosine, benzyloxy-
carbony1-L-hi s tldy1-L-phenylalany1-L-pheny1alany1-me thy1 e s t e r , 
g lycyl -g lycyl -phenyla lanyl -L-phenyla lanlne ethyl e s t e r and benzyloxy-
carbony1-glycyl -g lycyl -L-phenylalanyl-L-phenylalanine-4-pleoly1 
- 2 - . 
e s t e r . Perlmann and Kerwar (16) have recent ly sbovn that the 
binding of synthet ic subs t ra tes such as N"-acetyl-L-phenylalanyl-L-3, 
" 5-diiodotyroslne Induces conformational change in the pepsin mole-
) cule which could be detected by c i r c u l a r dichroism. The pH optimum 
for p ro teo ly t ic a c t i v i t y depends upon the pro te in subst ra te and l i e s 
in the pH range 1.5 to 2.2 (17-19), I t s a c t i v i t y decreases on 
increasing the pH from 2.0 to 6.5 (7) and i t iXoses a l l i t s a c t i v i t y 
a t pH 7.0. I t possesses also es terase a c t i v i t y (14 , IS ,20) . 
• The p ro teo ly t i c a c t i v i t y i s inh ib i ted by poly-L-lysine (2l ) 
'' and diphenyl diazomethane (22) . Other i n h i b i t o r s include d iazo-
I acetyl mor leucine methyl e s t e r in presence of cupric ions (23) , ' 
I diazoacetyl-glycine e s t e r (24) , diazoacetyl-L-phenylalanyl methyl | 
' e s t e r (25) , diazoacetyl-D-phenylalanyl methyl e s t e r (26) and dimethyl : 
t sulfophenyl acylide (24) . The d iazot iza t ion (27) and iodinat ion i 
i 
(28*30) inh ib i t t a c t i v i t y showing the involvement of ty ros ine . 
Aliphat ic alcohols completely i n h i b i t the hydrolysing a c t i v i t y of I 
: • . . . i 
: pepsin and the inh ib i t ion increases with the s ize of the alcohol (31). 
i l lkylation of carboxyl groups (32) or carbamylation of the amino 
! group (33) of pepsin led to the loss of i t s a c t i v i t y . The two 
carboxyl groups (22,34-39) which were involved in the b io log ica l 
function of pepsin have now been iden t i f i ed to be a spa r t i c acid 32 
and aspar t ic acid 215 (40) . Fur ther , evidence ex i s t s to show tha t 
; tryptophan may be near the act ive s i t e (41,42), In the primary 
s t ruc ture of pepsin recent ly reported by Tang ejb a l , (40) , the 
tryptophan residue T^ich i s c loses t to aspar t ic acid 32 i s tryptophan 
39. Moreover, arginine 316 i s also in the v i c i n i t y of the act ive 
centre (41,43) . 
- 3 -
Pepsin contains 327 amino acid res idues (40) in a s ingle 
poljrpeptide chain (44) whose N- and C-termlnal res idues are I s o -
I leucine (1,5,40,45) and alanine (5 ,46) . The complete amino acid 
I sequence of porcine pepsin i s given in Figure 1. The enzyme contains 
I 
three disulf ide bonds (47) but no free sulfhydryl group (48) , the 
three disul f ide bonds are formed between res idues 45 and 50, 206 and 
210, and 250 and 283. Two d isu l f ide bonds form r e l a t i v e l y smaller 
loops containing five and s ix amino acid res idues ; the th i rd d i su l f ide 
bond forms a bigger loop of 34 amino acid res idues . Only two d i s u l -
f ide bonds are reduced by 2-mercaptoethanol in the pH range 5.0 - 5.7 
and the third one i s reduced only a f te r d is rupt ing the nat ive con-
formation by the denaturing agent (49) . Altogether there are 44 
ac id ic groups derived from 30 a spa r ty l , 13 glutamyl and one phospho-
serine residues of pepsin (see Table l ) . The phosphate group can be 
removed by phosphatases without affect ing the b io log ica l a c t i v i t y of 
pepsin towards haemoglobin or synthet ic subst ra te (50) . 
The molecular weight of pepsin measured by sedimentation 
equilibrium i s 32,700 (5 l ) which i s about 5% lower than tha t deduced 
from i t s amino acid sequence (40) . I t s i s o e l e c t r i c point i s l e s s 
than 1.0 (so) and the i so ionic point i s 3.1 (44) . The hydrodynamic 
data on pepsin (52) such as i n t r i n s i c v i scos i ty (3 .1 cc/gm), s e d i -
mentation constant (2 .88) , axial r a t i o (3.0) and f r i c t i o n a l r a t i o 
( i . l l ) indicate that the nat ive pro te in molecule i s compact and 
globular . The surface i s to volume r a t i o i s 0.26 ^A"^ (53) . Results 
on opt ica l ro ta to ry dispersion and c i r c u l a r dichroism, sthowed l i t t l e 
^ 1 10 20 
HHlle-Cly-A*p-Glu-Pro-Leu-Glu-Asn-Tyr-Leu-Asp-Thr-Glu-T3rr-Phe-Gly-Thr-lle-Gly-Ile-
21 30 40 
Gly-Thr-Pro-Ala-Gln-Asp-Phe-Thr-Val-Ile-Phe-Asp-Thr-Gly-Ser-Ser-Asn-Leu-Trp-Val-
41 I T^O 60 
Pro-Ser-Val-Tyr-Cys-Ser-Ser-Leu-Ala-Cys-Ser-Asp-His-Asn-Gln-Phe-Asn-Pro-Asp-Ser-
61 f 70 80 
Asp-Ser-Thr-Phe-Glu-Ala-Thr-Scr-Gln-Glu-Leu-Ser-Ile-Thr-Tyr-Gly-Thr-Gly-Ser-Met-
81 90 100 
Thr-Gly-Ile-Leu-Gly-Tyr-Asp-Thr-Val-Gln-Val-Gly-Gly-Ile-Ser-Asp-Thr-A^n-Gln-Ile-
101 110 120 
Phe-Gly-Leu-Ser-Glu-Thr-Glu-Pro-Gly-Ser-Phe-Leu-Tyr-Tyr-Ala-Pro-Phe-Asp-Gly-Ile-
121 130 140 
Leu-Gly-Leu-Ala-Tyr-Pro-Ser-Ile-Ser-Ala-Ser-Gly-Ala-Thr-Pro-Val-Phe-Asp-Asn-Leu-
141 150 160 
Trp-Asp-Gln-Gly-Leu-Val-Ser-Gln-Asp-Leu-Phe-Ser-Val-Tyr-Leu-Ser-Ser-Asn-Asp-Asp-
161 170 180 
Ser-Gly-Ser-Val-Val-Leu-Leu-Gly-Gly-Ile-Asp-Ser-Ser-Tyr-Tyr-Thr-Gly-Ser-Leu-Asn-
181 190 200 
Trp-Val-Pro-Val-Ser-Vai-Glu-Gly-Tyr-Trp-Gln-Ile-Thr-Leu-Asp-Ser-Ile-Thr-Met-Asp-
201 I 2T0 220 
Gly-Glu-Thr-IIe-Ala-Cys-Ser-Gly-Gly-Cy's-Gln-Aia-IIe-Val-Asp-Thr-Gly-Thr-Ser-Leu-
221 230 240 
Leu-Thr-Gly-Pro-Thr-Ser-Ala-Ile-Ala-Ile-Asn-Ile-Gln-Ser-Asp-Ile-Gly-Ala-Ser-Glu-
241 250 260 
Asn-Ser-Asp-Cly-Glu-Met-Val-Ile-Ser-Cys-Ser-Ser-Ile-Asp-Ser-Leu-Pro-Asp-Ile-Vfll-
261 270 280 
Phe-Thr-Ile-Asp-Gly-Val-Gln-Tyr-Pro-Leu-Ser-Pro-Ser-Ala-Tyr-Ile-Leu-Gln-Asp-Asp-
281 I 290 300 
A«p-S«r-Cy8-Thr-Ser-Cly-Phe»Glu-Gly-Met-A8p-Val-Pro-Thr-Ser-Ser-Cly-Clu-Leu-Trp-, 
301 310 320 
ll«»L«u-Gly-A«p-V«l-Ph«-lle-Arg-Gln-Tyr-TyT-Thr-V«l-Phe-Aap-Arg-Ala-A9n-A«n-Ly»-
321 327 
V«l-Cly-L««-Al«-Pro-V«l-Al«-OH 
Fio. I. Amino-acid sequenre of pr»rHne pepfin. 
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TABLE I 
mim ACID COMPOSITION OF PORCINE PEPSIN BASED ON 
^ INO ACID SEQUENCE* 
Amino ac id Residues p e r 
molecule 
Lysine 1 
H l s t l d i n e 1 
Arglnine 2 
I s p a r t i c ac id 30 
Asp a r agin e 12 
Threonine 27 
Se r ine 43 
Phosphoser ine 1 
Glutamic acid 13 
Glutamine 13 
P r o l i n e 15 
Glycine 35 
Alanine 16 
H a l f - c y s t i n e 6 
Val ine 22 
Methionine 4 
I s o l e u c i n e 25 
Leucine 27 
Tyrosine 15 
Pheny la lan ine 14 
Tryptophan 5 
Total 327 
Molecular weight 34,644 
• Data taken from Tang e t a l . (40) 
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or no d -helix (7,54,55), Pepsin which Is rich In dicarboxyllc 
I acids shows maximum, stability In the pH range 4 to 5 (7) in which 
range the deprotonated carhoxyl groups will have electrostatic repul-
' slon. The latter may be responsible for the apparent lack of helioity 
1 In pepsin. However, the molecule does contain some /3 -structure (7), 
I 
Pepsin is an acidic protein and its conformation remains almost the 
, same upto pH 6,0 (52). Increase in pH from 6.5 to 7.0 altered the 
native protein conformation as evident from the changes in intrinsic 
; viscosity, sedimentation constant, diffusion constant, axial ratio 
and frictlonal ratio (52), Studies on the ultraviolet difference 
spectra 'also suggested that the native pepsin conformation is sensi-
I tive to pH (56). The alkaline denaturatlon is irreversible (52), 
j Pepsin contains about 43^ hydrophobic amino acid residues and is 
i 
' resistant to moderate heat treatment. According to one report it can 
be heated to 70 without causing any change in molecular conforma-
tion (53). Ethanol concentration upto 40% had no effect on the 
molecular characteristics of pepsin (53). 
Concentrated solution of lurea affects both the molecular 
characteristics as well as the biological activity of pepsin at 25** 
(55,57). However, at lower temperatures even 6 M urea could not 
alter the biological activity or sedimentation constant (58). 
Fluorescence measurement indicated that the onset of urea concentra-
tion for pepsin denaturatlon is about 7 M (59). Sodium dodecyl 
sulphate decreases its proteolytic activity and possibly perturbs 
its native conformation (60), 
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Among the s a l t s , higher concentrat ion of l i thium bromide (55) 
as well as guanidine hydrochloride (55,6l) have been shoim to affect 
the b io logica l a c t i v i t y as well as molecular p roper t i e s of pepsin. 
Thas in 5 M l i thium bromide p ro t eo ly t i c ac t i v i t y i s decreased and 
the specif ic ro ta t ion becomes less negat ive . Both the enzymatic 
a c t i v i t y as well as opt ical ro ta to ry parameters of pepsin remain 
unchanged upto 3 M guanidine hydrochloride ( 6 l ) . I n t r i n s i c v i sco -
s i t y Increases from 3. i ec/gm in aqueous solut ion to about 3,47 cc/gn 
in 4 M guanidine hydrochloride. Ejtposure of pepsin to 5 M guanidine 
hydrochloride caused grea ter decrease in the a c t i v i t y . The i n a c t i -
vat ion i s complete in 6 M guanidine hydrochloride in 30 minutes (61) . 
Several l i nes of evidence indica te tha t pepsin imdergoes \ 
au to lys i s (5,35,62-71) which i s sens i t ive to pH and i s minimum near 
pH 6.0 (57) . The r a t e of au to lys i s i s f a s t e r a t pH 2 than a t pH 4 
(72) . I t i s the auto lys is which i s Ij^rgely responsible for the 
observed anomalies in the determination of N-terminal residues of 
pepsin (35) . The N-terminal res idues which have been e a r l i e r iden-
t i f i e d in commercial samples of pepsin are i so leuoine , ty ros ine , 
aspar t ic acid , threonine, se r ine , glutamic acid and glycines the 
predominant residue was i so leuc ine . The C-tiarminal res idues were 
found to be a lanine , va l ine , l euc ine , i so leuc ine , tyrosine and 
phenylalanines the maximum amount being that of alanine (35) . 
Autolysis also explains the heterogeneity of commercial sample in 
e lec t rophores is (52). The effect ive pro te in denaturants such as 
urea and guanidine hydrochloride have been shown to accelera te 
auto lys is (55,57,61) . 
1 
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The autolyzed product or the s p l i t product which i s defined 
as the f rac t ion not p rec ip i t ab le by t r i ch lo roace t i c acid has been 
shown to possess p ro teo ly t i c a c t i v i t y (73-77), the s p l i t product 
showed marlmuni a c t i v i t y a t acid pH (76) . On heating the s p l i t 
product to 50® for 30 minutes, no inac t iva t ion was observed. 
However, when the temperature was ra i sed to 70 , the pept ides l o s t 
a l l t h e i r a c t i v i t i e s (76). Active fragments of s p l i t product are 
f a i r l y s table and showed p ro teo ly t i c a c t i v i t y a t pH 1.8 even af te r 
storage a t pH 1.5 - 5.5 for 200 hours a t 20** (76). Jjaong the s p l i t 
product, one peptide having a molecular weight of llOOo was found 
to possess 33^ of the pepsin a c t i v i t y (78). I t has also been 
demonstrated that the s p l i t product i n h i b i t the au to lys i s as well 
as the p ro teo ly t i c a c t i v i t y (72) . Unlike the s tudies described in 
the proceeding l i n e s , Determann (72) could not demonstrate any 
p ro t eo ly t i c a c t i v i t y in the s p l i t product* In h i s opinion the 
a c t i v i t y observed with the s p l i t product was due to the poss ible 
contamination of the enzyme. The pepsin which remains a f t e r au to-
l y s i s , t ha t i s , the remaining pepsin has been shown to possess 
s imi lar end groups and pH optimum but considerably more a c t i v i t y 
than the commercial pepsin (72) . The remaining pepsin may undergo 
fur ther au to lys i s . 
Although pepsin i s one of the few well known p ro teo ly t i c 
enzymes, the molecular bas is of i t s b io logica l function i s not 
known with the same ce r ta in ty as those of chymotrypsin, t ryps in , 
papain and carboxypeptidase. This i s pr imari ly due to the lack of 
information on the int imate d e t a i l s of the nat ive s t ruc ture of 
I 
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pepsin. Fur ther , the avai lable data on the struet i i re-function 
re la t ionsh ip of pepsin have been generally obtained with the commer-
c i a l sample of questionable p u r i t y . The commercial sample inveuriably 
cons is t s of~pepsin and i t s autolyzed product. The conclusions based 
on the previous s tudies are l i k e l y to be uncertain because degraded 
pepsin may not necessar i ly be iden t i ca l in physical morphology and 
in b iological a c t i v i t y to tha t of nat ive whole molecule. Fur ther , 
even i f the degraded pepsin resembles with the whole molecule In 
gross conformation, the Intimate s t ruc tu ra l d e t a i l s , for e:icample, 
the a c c e s s i b i l i t y of the side chains e t c , may be d i f fe ren t in the | 
I 
degraded and undegraded molecules. Thus, in order for the s t r u c -
i 
t u r a l s tudies to be meaningful and de f in i t i ve , i t i s very important i 
1 
tha t a homogeneous preparat ion of pepsin must be used in s t ruc tu ra l 
s tudies in which physical property has to be monitored for a period I 
longer than that required for perceptable au to lys i s . This d i f f i -
cul ty may be circumvented by working out the condi t ions , where i 
:! 
au to lys i s i s e i t he r absent or minimal. 4s described in the above | 
• t -
p€U*agraphs the process of au to lys i s was known since 1938 but su r -
p r i s i n g l y , no systematic s tudies have been made so f a r . I t was, 
therefore , thought worthwhile to carry out a deta i led study of the 
au to lys is of pepsin under various conditions of pH, ionic s t rength 
and temperature. In order to throw further l i g h t on the process of 
au to ly s i s , the effect of organic solvents as well as important 
denaturants on the autolys is of pepsin have also been Inves t iga ted . 
The products of autolys is have been p a r t i a l l y character ized. 
I I . EXPERIMENTS 
A, Mater ials 
1. I so la t ion of Haemoglobin from Sheep Blood 
Fresh c i t r a t ed blood of sheep containing about 75 ml of 
3.2^ sodium c i t r a t e (w/v)* per 100 ml blood was centrifuged at 0-4^ 
for 30 minutes. The corpuscles thus obtained were washed by c e n t r i -
fugatlon at lower temperature (0-4°) once with sodium chloride and 
then three times with a mixture of 0,2 M sodium chlor ide and 
2,5 X 10~T^ aluminium chlor ide in the r a t i o 2$1 (v /v ) . The compact 
c e l l s obtained by discarding supematants were taken with a mixture 
of water and toluene in the r a t i o 10$4 (v/v) and the suspension 
s t i r r e d thoroughly and re f r ige ra ted for overnight. This was then 
centrifuged. The clear lower layer containing haemoglobin was then 
siphoned off re jec t ing the upper supernatant l ayer . The haemoglobin 
concentration was determined by Lowry's method ( 83 ) . 
2. Prote ins 
Porcine pepsin (2 x crystallized) and bovine serum albumin 
• The concentration will throughout be expressed in gram solute/ 
100 ml solution (w/v), unless otherwise stated, 
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were purchased from Sigma Chemical Company ( U . S . A . ) . I n s u l i n was 
a p roduc t of Boots I n d i a L t d . 
3 , Chromatographic Media 
Sephadex G-25, Sephadesr G-75, SE-Sephadex C-50 and Blue 
Dextran 2000 were purchased from Pharmacia Fine Chemicals* 
Uppsala , Sweden. DEAE-cellulose was a p roduc t of Whatman 
Chromatographic Media, England. The ion exchange r e s i n s , Dowex 
50W-S8 (20-50 mesh) i n sodium cyc le and Dowex 1W-X8 (20-50 mesh) 
i n ch lo r ide form were suppl ied by J . T . Baker Chemical Company, 
England. 
*• Reagents for Polyaery1amide Gel E l e c t r o p h o r e s i s 
The fo l lowing r e a g e n t s , wi th t h e i r sources i n p a r e n t h e s e s , 
were used i n polyacrylamide ge l e l e c t r o p h o r e s i s . 
The r e a g e n t s were ac ry lamide , d i c h l o r o d i m e t h y l s i l a n e , 
Amido Schwartz ( E . Merck, Germany), N,N*-methylene-h is -acry lamide , 
N ,N,N» ,N ' - t e t r ame thy le thy lene diamine (Pluka JLG, S w i t z e r l a n d ) , 
Bromophenol Blue , Ammonium p e r s u l p h a t e (Riedel-De Haen JG, 
Hannover, Germany), 
5 . Organic So lven t s 
Methanol , e t h a n o l , p r o p a n o l , e thy lene g l y c o l , propylene 
g l y c o l , dioxane and dimethyl formamide were of a n a l y t i c a l grade 
and were used wi thout f u r t h e r p u r i f i c a t i o n . 
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6, Urea 
Analytical grade urea, purchased from BDH (India) was 
recrystalllzed from 50^ (v/v) ethanol-water mixture at 40°, 
7. Gmanldlne Hydrochloride 
Guanldlne hydrochloride used In these studies was either 
obtained from Nutritional Biochemical Corporation, U.S.A., or It 
was prepared from guanldlnium carbonate according to the method 
essentially due to Nozakl and Tanford (80). 
Guanidinlum carbonate purchased from BDH (India) was recrys-
talllzed from ethanol. To 880 gm of guanidinlum carbonate 500 ml 
water was added. To this was added 20^ (v/v) constant boiling 
hydrochloric acid with continuous stirring and the pH was maintained 
to 4,0. It was allowed to stand overnight and then the pH was 
readjusted to 4,0. This mixture was flash evaporated in batches 
to get the crystals of guanldlne hydrochloride, 
8, Acids 
The acids used included hydrochloric ac id , orthophosphoric 
acid, acet ic acid, t r l ch lo ro -ace t i c acid and c i t r i c acid and were 
of reagent grade, 
9* Other Materials 
The other reagents used in the preparat ion of buffer 
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solutions and other solutions were glycine, tyrosine, glutamic 
acid, potassium chloride, sodium chloride, mono and dibasic 
sodium phosphate, sodium azide, copper sulphate, sodium tungstate, 
sodium acetate, sodium potassium tartrate, sodium hydroxide and 
2-mercaptoethanol. All were of analytical grade. 
Dialyzer tubings of different sizes were purchased from 
Arthur H. Thomas Co., U.S.A. Millipore filter (0.45 micron) was 
from Millipore Corporation, U.S.A. Whatman No. 1 and No. 42 
filter papers were purchased from W and E Balston Limited, England. 
All glass double distilled water was used throughout these 
studies. 
B. Methods 
1. Spectrophotometrie Measurements 
( a ) . Measurements of Optical Density 
Spectrophotometrie measurements in the u l t r a v i o l e t range 
were made e i t h e r on Carl a e i s s VSU2-P Spectrophotometer or on 
Beckman 0K-2A r a t i o recording spectrophotometer, the c e l l s used 
were respect ively quartz and s i l i c a c e l l s of path length 1 cm. 
Light absorption measurements in the v i s i b l e range were 
made on Carl Steiss, model Jena colorimeter using g lass cuvet tes 
of 1 cm path length. 
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(b) . Spectrophotometrie t i t r a t i o n 
Spectrophotometrie t i t r a t i o n of the phenolic hydroxyl 
groups was car r ied out by a method s imi lar to that of Crammer 
and Neuberger (81) . Light absorption measurements were made on 
Becliman DK-2A spectrophotometer a t 15, 25 and 35° by keeping the 
c e l l s in a thermostatic c e l l holder* The base l ine was rou t ine ly 
drawn using the same solvent in the reference and sample c e l l s . 
For t i t r a t i o n , prote in so lu t ions of d i f f e ren t pHs in the 
pH range 8,6-13 were prepared a t a t o t a l Ionic s t rength of 0,23, 
by taking r equ i s i t e amount of potassium ch lor ide , potassium 
hydroxide and about 0.0006 - 0.0012 gm prote in in 5 ml ca l ib ra t ed 
f l a sks . Ul t rav io le t absorption spectrum of each solut ion was 
recorded against the corresponding solvent . Absorption of the 
protein solution increased with Increase in pH and the maximum 
change in absorption occurred in the range 290-297 nm. At pH 
8.6 the tyrosine groups are not expected to d i s s o c i a t e . The 
Increase in the molar absorbance of a pro te in solut ion in the 
region 290-297 nm over the molar absorbance a t pH 8.6 , A ^ t 
was taken to be a measure of the ion iza t ion of the hydroxyl group. 
In order to compute the number of ionized tyrosine groups a t a given 
pH the difference in molar absorbance A 4 t ^®s divided by /\^ ^ ' , 
where A ^ ' i s the difference in molar absorbance of iioMaedecind 
unionized tyros ine . A value of 2300 cm^ M*"*" (8l#S2) for A ^ ' 
at 295 nm reported in l i t e r a t u r e was used in c a l c u l a t i o n s . 
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2. pH Determinations 
I 
) pH measurements were made on Ellco LI-10 pH meter using 
' glass and calomel electrodes* The instrument was standardized with 
I standard phthalate buffer in the ac id ic pH range and with borate 
buffer in the basic pH range. 
3. Determination of Sp l i t Products 
The au to lys is of pepsin was followed by (a) t r i c h l o r o - a c e t i c > 
acid (TC4) p rec ip i t a t ion method and by (b) Sephadex gel chromato-
graphy. In the former method used by Edelhooh (52) , pepsin was, 
denatured with a lka l i a t about pH 10.0 and then p r e c i p i t a t e d with 
three volumes of 25% TCJl. The suspension was f i l t e r e d and the 
material in the f i l t r a t e was defined as s p l i t product whose r e l a -
t ive concentration was determined from the r a t i o of the absorption 
of the f i l t r a t e to tha t of the na t ive pepsin a t 280 nm. However, 
using t h i s method, we observed some ser ious anomalies. We, 
therefore , invest igated systematical ly the d i f fe ren t va r i ab l e s 
which may affect the r e s u l t s . I t was observed tha t shaking of 
the TCA f i l t r a t e p r io r to l i g h t absorption measurements, inveuriably 
increased the absorbanee which in terms of s p l i t product was 
about 2fi>, The change in the grade of f i l t e r p£^er from Whatman 
No.l to Whatman No, 42 used during f i l t r a t i o n caused near ly two 
fold increase in the measured s p l i t products . Resul ts with Whatman 
No, 1 and mil l ipore f i l t e r ( s i z e , 0.45 micron) were i d e n t i c a l . 
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Neither the var ia t ion in pH, from pH 7.0 to 12.0 a t which pepsin 
was denatured nor the change in time of incubation of TCA with 
denatured pepsin from 6 to 45 minutes a t room temperature had eaay 
effect on the r e s u l t on pe r cent s p l i t product. The TCA p r e c i p i -
tation achieved by incubation in boi l ing water as well as at room 
temperature for s i x minutes gave s imi lar r e s u l t s . However, on 
increasing the time of incubation to 45 minutes in bo i l ing water, 
the percent s p l i t product was found to be about 8% h igher . 
Further, the percent s p l i t product remained unchanged when the 
effective concentration of TCA was var ied in the range 7-17^ but 
increased markedly by increasing the TCA concentrat ion from 18$S 
to 351 ;^ the measured percent s p l i t product a t 35^ TCA concentration 
being 30^ higher than the value a t 17^ TCA concentra t ion. I t 
should be noted that the effect ive TCA concentration used by 
Edelhoch (52) and Nakagawa and Perlmann (49) were respec t ive ly 
7.5 and 10^ which l i e in the range 7 - 17^. In view of these 
observations, extreme care was taken to ensure i d e n t i c a l condit ions 
during the measurement of the s p l i t product. To 2 ml of about 
0.2,^ pepsin so lu t ions , were added 1 ml NaOH of appropriate concen-
t ra t ion to r a i s e the pH to 10.0 and 3 ml of 25% TCA to give an 
effect ive TCA concentration of 12.5^. After incubation for 45 
minutes at room temperature, the r e su l t i ng suspension was f i l t e r e d 
through Whatman No. 1 f i l t e r . The absorbance of the f i l t r a t e was 
recorded manually at 280 nm against a f i l t e r e d solut ion containing 
NaOH and 12.5;;i TCA which served as the blank. Likewise, the 
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absorbance of alkali denatured pepsin was also measured at 280 nm. 
The ratio of the absorbance of filtrate to that of alkali denatured 
pepsin was multiplied by 100 to give percent split product. The 
average error with which the percent split product could be 
determined by this method was about 7^. 
In order to see the effects of variables such as ionic 
strength, pH, temperature and organic solvents, on the autolysis 
of pepsin, it was first incubated for two hours under the different 
conditions of a variable keeping the rest constant, and then 
autolyzed products determined* 
4. Sephadex Gel Chromatography 
Sephadex column has been used in purifying the commercial 
sample of pepsin as well as in determining the autolyzed products 
under some conditions. 
The gels were allowed to swell for the period recommended 
by Pharmacia Pine Chemicals, Sweden, in excess of the solvent to 
be used in subsequent chromatographic procedures. The hydrated 
and degassed slurry was brought to the temperature at which the I 
column was to he operated. The column was mounted in a vertical , 
position on a sturdy and vibration free support, the outlet was 
closed and the eluent was filled to approximately 15^ of the total | 
I 
column volume. The sliurry was poured into the column and the beads ; 
i 
were allowed to settle for ten minutes. The column outlet was ^ 
t 
opened and adjusted to get the flow rate which was only half of the 
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desired flow r a t e . As the bed s ize Increased, the flow r a t e was 
readjusted un t i l I t beeame approadmately double of desired flow 
r a t e . The bed was then s t ab i l i zed by passing a t l e a s t two bed 
, volumes of the e luent . IThie uniform packing as well as the void 
I volume of the column was rout ine ly determined by passing 0 .2^ 
solution of Blue Dextran. The column was monitored by measuring 
absorbance a t 280 nm or by Lowry's method (83). 
In order to determine au to ly s i s , pepsin was incubated 
I under the desired conditions of pH, temperature and denaturant 
i condit ions for a given time. The enzyme solut ion prepared in the 
I 
j buffer to be used in subsequent column chromatographic operations 
i was then careful ly applied on the column. The percent s p l i t 
product, measured by t h i s method was invar iably higher than tha t by 
TCA-precipltation method. However, overestimation was general ly 
by a constant fac tor . For example, in three experiments the 
difference in per cent s p l i t product measured by gel chromato-
graphy and TCA-preclpitation method was about 1 0 ^ 
5, Determination of Protein Concentration i 
Protein concentration was rout ine ly determined using 
Lowry's method (83)» However, in those experiments where pro te in 
concentration was c r u c i a l , dry weight method, which was found to 
be more precise than the Lowry*s method mentioned above, was 
employed. The aqueous solut ion of the pro te in was extensively 
dialyzed against several changes of d i s t i l l e d water and then 
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passed through a mixed bed Ion-exchange column prepared according 
to the method recommended hy Dlntzls (84) In order t6 obtain 
isolonlc preparation of the protein. The rough protein concentra-
tion by Lowry's method as well as the pH of this solution were 
determined. 4 Imown weight of the Isolonio protein solution was 
taken In three to four weighing bottles which were previously 
heated near 107° In an alr-clrculatlng oven to constant weights. 
The protein concentration of the stock solution was thus deter-
mined In gram per gram protein solution. Prom the measurement of 
the optical density at 280 nm as a function of protein concentra-
tion as determined by dry weight method, the extinction coefficient, 
E^^ , of the remaining pepsin was determined and was found to be | 
13*9 at pH 4.0. 
6. Preparation of Dlntzls Column 
The cation exchange resin (Dowex 50W-^X8, Na* form) was 
converted to hydrogen cycle by passing excess of 6 N sulphuric 
acid, and to ammonium form by passing excess of 3 N ammonium 
chloride solution. The anion exchange resin (Dowex 1-X4, Cl" 
form) was converted to hydroxyl ion form by treatment with about 
50 fold excess of carbonate free sodium hydroxide, and to acetate 
ion form by treatment with 3 N sodium acetate. All four forms of 
the resins were then thoroughly washed with distilled water and 
packed in a column of size 1 x 9 cm in the order H 1 cm, mixed H^ 
• 
and OH" 4 era, CHgCOO"" 2 cm and f i n a l l y NH? 2 cm. The p ro te in which 
was dlalyzed was then passed through t h i s mixed bed column. 
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7, golyacrylamide Gel Electrophoresis 
Polyacrylamide gel e lect rophoresis of pepsin was performed 
a t pH 5,0 and according to Davis (85) . Si l iconized gel tubes 
(0.5 X 7.0 cm) were held v e r t i c a l l y with the i r lower ends closed 
by rubber stoppers. Approximately 2.5 ml ot small pore gel was 
poured to each tube. M t e r 30 minutes of polymerization, nearly 
0,2 ml large pore gel was poured and photopolymerized for 40 
minutes. F ina l ly , 0.2 ml of large pore g e l , containing approxi-
mately 100-200/*g of p ro t e in , was layered on the top and again 
photopolymerized for about 40 minutes. The ge ls were then sub-
jected to e lect rophoresis in the e lec t rophore t ie chamber. The 
buffer in the upper chamber also contedned bromophenol blue as 
tracking dye. Current of about 5 mk per tube was passed during 
e lec t rophores is . The ge ls were removed and s ta ined in 0 . 1 ^ Amido 
Schwartz for five minutes. The gels were destained mechanically 
in 7% acet ic acid with occasional shakings. 
8. DEAE-Cellulose Column Chromatography 
DEAE-cellulose was allowed to swell in water for about 
three hours. The abnormal sized p a r t i c l e s were then removed by 
dec an t a t ion. The fine p a r t i c l e s were fur ther removed by decanta-
tion of the suspension obtained by mixing the exchanger with 0,5 N j 
sodium hydroxide. The mater ial thus obtained was then mixed with \ 
0,5 N sodium hydroxide to obtain a comparitively thicker s lu r ry 
which was careful ly packed in a v e r t i c a l l y mounted column, avoiding 
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entrapment of a i r bubbles. The colonm was washed with d i s t i l l e d 
I water, imt i l the washings were free from a l k a l i . The column was 
then equi l ibra ted by passing excess of the buffer to be used in 
the chromatogr^hy, 
9. Sulphoe thyl-Sephadex Chromatography 
SE-Sephadex C-50 gel was allowed to swell in 0.4 N Na-
aoetate buffer , pH 4,4 on water bath for the period recommended by 
Pharmacia Pine Chemicals, Sweden. I t was kept overnight to ensure 
complete swelling. A column (2 x 60 cm) was cleaned f i r s t with 
chromic acid and then with detergent and f ina l ly with d i s t i l l e d 
water. The column was mounted v e r t i c a l l y and the s lu r ry was poured 
to the column keeping the stop-cock closed. Entrapment of bubbles 
was avoided at th i s s tage. Ifhen the gel had s e t t l e d to about 5 cm 
length of the bed height , the stop-cock was opened and the flow ra t e 
was adjusted to 15 ml per hour which was increased gradually to 60 ml 
per hour. The column was thoroughly washed with the sodium aceta te 
buffer a t the desired flow r a t e un t i l the pH of the eff luent matched 
thart of the buffer . About 500 ml more buffer was passed to ensure 
complete equ i l ib ra t ion . A mixture of freshly generated pepsin and 
i t s ac t iva t ion peptide was quickly applied and chromatographed. 
10. Ion Exchanj^e Chromatography on Dowex 50 x 8 
Dowex-50 X 8 was placed in water f ive times i t s s e t t l e d 
r" 
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volume, s t i r r e d thoroughly and allowed to s e t t l e . When the bulk 
of the res in had s e t t l e d , any f inely divided mater ial in the super-
na tan t f lu id was removed by decantat lon. This step was repeated in 
order to remove r e s t of the finely divided mate r i a l . The res in 
was then transferred to Buchner funnel and washed successively 
with 2 l i t r e s of water, 2 l i t r e s of N sodium hydroxide, 2 l i t r e s 
of water, 1 l i t r e of 3 N hydrochloric acid, 2 l i t r e s of water and 
f i n a l l y with 2 l i t r e s of c i t r a t e buffer of pfl 3 . 1 . The r e s in was 
then packed in a column having dimension 1 x 100 cm. No p a r t i c u l a r 
care was taken except that the entrapment of the £d.r bubbles was 
avoided during the packing procedure. About two times of the 
t o t a l bed volume of the i n i t i a l buffer was passed through the 
column. Before applying, the pH of 2 ml sample was adjusted to 
2 .0 , After the buffer above the column had been drained off, the 
sample was careful ly applied with a bent p i p e t t e , and eluted with 
stepwise increasing the pH, The column was monitored a t 280 nm. 
11« Conversion of Pepsinogen to Pepsin 
Following Rajagopalan e_t a l . (s ) pepsin was generated from 
pepsinogen. For t h i s , 75 mg pepsinogen was dissolved in 8 ml of 
g lass d i s t i l l e d water, the temperature of which was brought to 14**, 
The pH was then adjusted to 2.0 and was allowed to stand for 
exactly 20 minutes a t which time 1 ml of 4 N aceta te buffer was | 
added to bring the pH to 4 .4 . The mixture was then immediately 
applied on a column of SE~Sephadex (2 x 40 cm) which was previously 
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equi l ib ra ted with 0«4 N acetate buffer . Four m i l l l l l t r e f rac t ions 
were co l lec ted , those having pepsin were immediately kept under 
frozen condit ion. 
12. Determination of Fepsin Act iv i ty 
The a c t i v i t y of pepsin was measured by s l i g h t modification 
of Jtoson's method (86). In \Anson's method the denatured haemo-
globin i s digested with pepsin a t pH 1.7 and the undigested or 
unhydrolyzed prote in i s p r ec ip i t a t ed with t r i ch lo ro - ace t i c acid. 
The products soluble in the reagent are estimated spectrophotome-
t r l c a l l y . Various modifications of the e a r l i e r methods have been 
described (68, 87, 88), 
Haemoglobin solution was ac id i f ied to give a f ina l pH of 
1,7 by the addition of appropriate Miount of 0, l N HCl, One m i l l i -
l l t r e of th i s substra te was then Incubated with 0.2 ml of the 
enzyme solut ion a t 37** for one hour and a f te r tha t 2 ml of 20% 
t r i ch lo ro -ace t i c acid was added to stop the r eac t ion . Blank was 
prepared by adding the t r i ch lo ro -ace t i c acid to the enzyme before 
the haemoglobin. The samples were f i l t e r e d through Whatman No, 1 
papers and the absorbance was read a t 280 nm. 
13, Viscosity Measurement 
Viscosity measurements were performed with Cannon-Fenske 
viscometers having a flow time of 350 seconds for water a t 25^ j 
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0.05** according to the procedure described earlier (89), The 
intrinsic viscosity of pepsin was calculated using the equations 
C -> 0 
= Limit (t - tQ)/t^ ,C • (1 - ^^\)/\ (d) 
where / ^ ®**^  7 ^^ ® *^ ® v i s c o s i t i e s and t and t are the 
corresponding flow times of the solvent and pro te in so lu t ion , 
respect ive ly ; C i s the prote in concentration in gm/cc, d i s the 
density of the solvent and Vg i s the p a r t i a l specif ic volume of 
the p ro te in . The value of Vg was taken to be 0,726 in ace ta te 
buffer , pH 4 , 3 , ionic s t rength 0 ,2 . This was ca lcula ted by 
Williams and Rajagopalan (5l) from the data of amino acid composi-
t ion of pepsin. The densi ty of the solvent , d^ was measured in 
quadr ipl ica te and was 0,9974 gm/cc a t 25**; the uncertainty being 
l e s s than 0 . 1 ^ , Prom the values of (l-'V2d^)/d^ and t - t^ / t^C, 
the reduced v i scos i ty of pepsin was ca lcula ted a t var ious pro te in 
concentrations and p lo t t ed against concentrat ion. 
Likewise, attempts were also made to determine i n t r i n s i c 
v i scos i ty of pepsin in 10 M urea plus 0.1 M, 2~mercaptoethanol, 
pH 2.2 (or 10 M urea alone) and in 6 M guanidine hydrochloride plus 
0,1 M 2-mercaptoethanol, pH 4.2 with a view to charac te r iz ing the 
conformational s t a t e s of the denatured pepsin. 
III. EXPERIMENTMi RESULTS 
A. Properties of Fepsin 
i 
i 
, The p ro teo ly t ic ac t iv i ty of Sigma preparat ion of pepsin as 
determined by <Anson*s method (86) was comparable to tha t found for 
( the pepsin which was freshly prepared from pepsinogen by the p ro -
cedure of Rajagopalan ejt a l , (5) and was about 1.3 O.D. units/mg/ 
hour. After removing the s p l i t products from the commercial sample 
by chromatography on Sephadex G-75, the remaining pepsin was found to 
be s l igh t ly more ac t ive . This i s in agreement with the e a r l i e r 
observations of Determann £ t al,. (72) . Gel chromatography on 
Sephadex G-75 column of Sigma pepsin gave one major peak.and a t -
; l e a s t one minor peak corresponding to pepsin and i t s autolyzed 
1 products (see figure 2 ) . Ifhen the prote in under major peak of 
I 
' Figure 2 was applied on DEAE-^cellulose column, a symmetrical peak 
was obtained (see figure 3) . These r e s u l t s suggested tha t commer-
c i a l sample was heterogeneous with respect to charge. On the other 
hand, the remaining pepsin obtained from Sephadex G-75 column was 
homogeneous as judged by i t s e lu t ion p ro f i l e on DEAE-cellulose 
(see figure 3 ) . 
The presence of s p l i t product in the commercial sample could 
also be detected by polyacrylamide gel e lec t rophores i s in 0,2 M 
- 25 -
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Figure 2. Chromatographic Pattern of Commercial Fepsin on 
SeBhadex G-75 Column. Experimental conditions: 2 ml sample contain-
ing 15 mg pepsin was applied on the column (2 x 42 cm) and eluted 
with acetate buffer, pH 4.3, ionic strength 0.2, at a flow rate of 
30 ml/hour. 
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Figure 3. Chromatographic Pat te rn of Remaining Pepsin on 
DEAE-cellulose Colunn. Experimental conditionss The column 
( l X 42 cm) was equi l ibra ted with aceta te buffer of pH 4 , 3 , ionic 
strength 0 ,2 . About 15 mg prote in was applied and eluted a t a flow 
ra te of 24 ml/hour. 
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' acetate buffer of pH 5,0, Three bands were recognized when the gels 
' were stained with ^ ido Schwartz (see figure 4). The remaining 
i 
pepsin gave one prominent and one faint band. It should be noted 
that pepsin freshly prepeured from pepsinogen migrated as a single 
sharp band (see figure 4), 
The intrinsic viscosity results for the remaining pepsin in 
adetate buffer pH 4,3, ionic strength 0.2 and at 25® are shown in 
Figure 5 , The straight line was drawn by the method of least 
squares using Equation i. Prom the intercept, the intrinsic 
viscosity of native pepsin was computed to be 2.8 cc/gm. Although 
I 
the protein preparation used in these experiments was made free i 
from split product by passing through Sephadex G-75 column, the j 
possibility of some autolysis does exist. We, therefore, checked thei 
amount of split product after completion of the intrinsic viscosity | 
measurements. In the extreme case, we noticed about 8% split products; 
the actual amount of split product was much less for most of the 
experimental points given in Figure 5, The uncertainty in the 
I 
determination of pro te in concentration due to possible au to lys i s j 
would introduce an average er ror of about 7^, Thus the i n t r i n s i c 
v i scos i ty of nat ive pepsin comes out to be 2,8 + 0 , 3 cc/gm, ' 
The hydrodynamic volume, Vj^ , of pepsin i s r e l a t ed to i n t r i n s i c ' 
v i scos i ty by the expression, 
r 7*7 =D(N/M) Vj^  (2) : 
where i) i s Simha or shape fac tor , N i s the Avogadro's number and 
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Commercial RemaininI Fresh 
Figure 4. Schematic Bepresentation of Polyacrylamide Gel 
Electrophoretograms of Pepsins at pH 5.0, 
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Figure 5. Intrinsic Viscosity of Remaining Fepsln in Sodium 
Acetate Buffer, pH 4,3, ionic strength 0.2 at 25°. 
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I 
, M i s the molecular weight of pepsin. The value of 9 i s 2.5 for 
j sphere and la rger for non-spherical molecule. The hydrodynamic 
I volume, Vj^  i s r e l a t ed to i t s p a r t i a l speci f ic volume, v^ by the 
I 
' equation, 
Vj^  « M/N (vg +Im^ Vj) (3) 
I f pepsin behaves as a sphere in aqueous so lu t ion , the value 
of H m. V? ca lcula ted from i n t r i n s i c v i scos i ty by the help of 
Equation 3 would be 0.39 cc iribilch would y i e ld a value of 0.39 gm 
for m.; i f the bound component i s only water with p a r t i a l specif ic 
volume of 1 cc/gm. The amount of water boujtid per gm pepsin, thus 
comes out to be 0,39 gm which represents somewhat overestlmation. 
The actual value i s l i ke ly to be l e s s in presence of buffers . I t 
should be noted tha t the equivalent hydrodynamic r ad iu s . Re of pepsin 
(V^ ss 4 / 3 T T R ) determined by the help of Equation 3 comes out to be 
2,4 nm. Using a value of 0,2 gm per gm dry p ro t e in , suggested by 
Tanford (90), the Simha factor was determined to be 3.0 which 
corresponds to an axial r a t i o , a /b , of 2.0, The value of f r i c t i ona l j 
r a t i o , f/f- for na t ive pepsin would thus be 1.05, 
The effect of concentrated solut ion of urea and guanidine 
hydrochloride on the conformation of pepsin with d isu l f ide bonds 
broken or i n t a c t was determined by measuring i n t r i n s i c v i s c o s i t i e s 
in the denaturant so lu t ions . The values of i n t r i n s i c v i s c o s i t i e s 
in 10 M urea, 10 M urea plus 2-mercaptoethanol and in 6 M guanidine 
hydrochloride plus 2-mercaptoethanol were found to be respec t ive ly 
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' 4.8, 6.8 and 20.4 cc/gm. Using the empirical equations (91,92) 
* obtained for the Intrinsic viscosities ot randomly coiled proteins 
I in 10 M urea plus 2-mercaptoethanol and in 6 M guanidine hydro-
I chloride plus 2-mercaptoethanol, the respective values of intrinsic 
\ viscosities come out to be 33 cc/gm and 34 cc/gm. HowSver, the 
I intrinsic viscosities of the reduced pepeia in 10 U urea and 6 M 
+- guanidine hydrochloride were markedly smaller in 10 M urea (about 
l/5th) and in 6 M guanidine hydrochloride (40% of the expected 
i value). This would mean that either (i) pepsin is not denatured in 
10 M urea (and in 6 M guanidine hydrochloride)or (ll) the abnormally 
lower values of intrinsic viscosities found in the denaturant were 
in error due to the autolysis of pepsin. The second alternative 
seems more plausible since earlier studies of Stelner ejt al. (59) 
as well as our unpublished results have shown conclusively that 
pepsin undergoes urea Induced transitions which is couplete in 9 M 
j urea. From these results we concluded that meaningful quantitative 
i Studies on the conformation of pepsin would be possible only under 
the conditions v*iere the possibility of the autolysis is minimal. 
This would require a detailed study of autolysis. 
The ratio of elutlon volume to void volume, V /V , for the 
e' (»* 
remaining pepsin and fresh pepsin were found to be 2.1 and 2.07 
respectively on Sephadex G-200 column. The column was calibrated 
by Mrs. Naseem Ansarl (93) of this laboratory using ribonuclease, 
^ -ehymotrypsinogen, pepsinogen, monomers and dlmers of ovalbumin 
and bovine serum albumin as the marker proteins. The gel filtra-
tion behaviour of fresh and remaining pepsin were consistent with 
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a molecular weight of 33,000. 
Spectrophotometrie Titration 
I 
The ultraviolet absorption spectra of the fresh and remain-
ing pepsin were measured at twelve pH values in the pH range 8.6 -
13.2. For fresh pepsin the measurements were made at three tem-
peratures, i.e. at 15, 25 and 35° while the titration of the remain-
ing pepsin was performed at only 25°. For the sake of clarity, 
spectra at only five pH values are shown in Figures 6 and 7, 
lower pH values where tyrosine residues exist in the protonated 
form, the spectra of the two preparations of the enzyme were found 
to he identical and showed a peak at 277 nm and a hump at 292 nm 
(see figures 6 and 7), On increasing the pH, the hump disappeared 
and two peaks at 282 and 289 nm were noticed. The himp at 292 nm 
appeared as a peak at 289 nm due to the ionization of tyrosyl 
residues. The absorbance both at 282 nm and 289 nm increased when 
the pH was raised from 8,6 to about 13,0. The Increase in absor-
banoe was obviously due to the Increase in the extent of ionization 
of the tyrosyl residues. 
The alkaline difference spectra of the fresh and the remain-
ing pepsin were obtained hy subtracting the molar extinction of the 
enzyme at pH 8.6 from the extinction at pH 12.7 (for fresh pepsin) 
or at pH 13.2 (for remaining pepsin); both values were determined 
at the same wave:riength. The results are shown in Figure 8 (see 
also Table II and III), The curves for both the preparations showed 
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Figure 7. pH Dependence of Ultraviolet Absorption Spectra 
of Remaining Fepsin at 25°. 
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Figure 8. Alkaline Difference, Spectra of Fresh and Eemalning 
Pepsin. The ordinate represents difference in molar extinction of 
the protein solution at pH i2,7. 
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j TABLE II 
i SPECTROPHO TOME TRIG TITRATION DATA OP FRESH PEPSIN AT 295 nm 
i 
! 
I Temperature 25 Ionic strength = 0.25 
pH 
t • 
Protein 
concentra-
t ion . 
moles/1 X 10* 
O.D. ^ x 10~'* ^ 4 X 10~* 
1 
8.6 0.0765 0.100 1.296 0.000 
9 . 0 0.0752 0,100 1.318 0.022 
9 . 4 0.0758 0.100 1. 307 0.011 
9 . 8 0.0765 0.110 1.426 0,130 
10.4 0.0758 0.140 1.830 0.534 
10.8 0.0761 0.175 2.276 0.980 
11.0 0.0758 0,180 2.353 1.057 
11.3 0.0761 0.180 2.341 1.045 
11.5 0.0765 0,190 2.462 1.166 
12.0 0.0749 0.240 3.175 1.879 
12.5 0.0752 0,320 4.216 2.920 
12.7 0.0752 0.350 , 4 . 6 1 1 3.315 
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TABLE III 
SPECTROPHOTOMETHIC TITRATION DATA OP HEMAINING PEPSIN AT 295 am 
,0 i Temperature = 25 Ionic strength = 0.25 
pH Protein concentra-
tion . 
moles/l X 10 
O.D. ^ x 10 - 4 Z i ^ x l O - 4 
8.6 
9.8 
10.0 
10.8 
11.0 
11.5 
12.0 
12.2 
12.7 
13.2 
0 . 0355 
0.0367 
0.0358 
0.0364 
0.0367 
0.0367 
0.0358 
0.0364 
0,0367 
0.0370 
0.040 
0.045 
0.060 
0.060 
0.060 
0.080 
0,110 
0.140 
0.160 
0.170 
1.129 
1.229 
1.680 
1.652 
1.639 
2.185 
3.081 
3.856 
4 .371 
4.594 
0.000 
0.100 
0.551 
0.523 
0.510 
1.056 
1.952 
2.727 
3.242 
3.465 
I 
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I 
a peak near 295 nm and a trough near 275 nm. The maximum change in 
* - 2 —i 
^ / „ at 295 nm for fresh pepsin was found to be 33150 cm mol , 
Assuming that ^ ^ M for tyrosine is 2300 (81,82) at 25**, the number 
I of tyrosine residues available for titration in fresh pepsin comes 
out to be 14 at pH 12.7. Similar analysis of the alkaline difference 
i 
spectra of remaining pepsin showed the presence of 15 titratable 
tyrosine residues. It should be mentioned that only eight phenoxyl j 
groups could be titrated reversibly both in fresh and remaining 
j pepsin. These results are shown in Figures 9 and 10, The open 
, circles represent experimental points obtained in the forward titra-
j tion whereas the filled circles represent the results obtained by 
' lowering the pH of the protein solution which was previously exposed 
i • ' 
\ to pH 12.0 for 15 hours . No time dependence was observed. Since 
• 
2g on pepsin molecule a t a given pH i s not known, the r e s u l t s could 
not be analyzed by the equation of Linderstrom-Lang. Thus the 
values of pK^„+ for the phenoxyl groups in fresh and remaining 
pepsin could not be determined. However, the v isua l examination of 
the curves in Figures 9 and lO yielded apparent pK values of the 
phenoxyl groups in the two prepara t ions ; the apparent pK values of 
phenoxyl groups in fresh and remaining pepsin were 10.75 and 11.5 
a t 25 . The apparent pK of phenoxyl groups in fresh pepsin showed 
temperature dependence, the pK values a t 15, 25 and 35 were 10.90, 
10.75 and 10.60, respec t ive ly . 
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9. SpectrophotometrlG T i t r a t ion Curve of Fresh Pepsin, 
jonditlonss temperature 25° and ionic s t rength 0.25. Figure Experimental CL , ^, ^ x* 
Fi l led c i r c l e s represent reverse t i t r a t i o n . 
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Figure 10. Spectrophotome trie Titration Curve of Remaining 
Pepsin. Experimental conditionss temperature 25° and ionic strength 
0,25. Filled circles represent reverse titration. 
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B, Autolysis of Pepsin 
1, Effect of pH on autolysis 
The pH dependence of the autolysis of pepsin at 25° and 
Ionic strength 0.15 was measured by TCA-preclpltatlon method and the 
results are shown In Figure 11 in which the ordinate represents the 
per cent split products produced In two hours. Each experimental | 
point represents the average of 4 to 12 independent observations. Inj 
these, as well as in subsequent experiments, the per cent split i 
i 
products could be measured with a maximum uncertainty of !%» In j 
Figure 11 it is Clear that the autolysis is maximal in the pH range, j 
0.5 - 2.0 and falls steeply as the pH was raised to 2,4. An 
increase in pH above pH 2.4 by about one unit did not cause any 
measurable change in autolysis. Further increase in pH above 3,5 
f 
produced gradual decrease in the amount of split product. Despite 
scatter In the experimental points, the data seem to Indicate that 
autolysis was not detectably influenced by the increase in pH above I 
pH 5,0. The autolysis of pepsin was found to be too slow to be j 
measurable in the initial stages below 30 , For example, it was i 
observed that the amount of split products at pH 2,5 and at 27** ^ 
was the same both at 5 minutes and 20 minutes. The autolysis of < 
pepsin above 30** was however relatively faster and at 47^ * the 
progress of autolysis could be recorded even in the initial stages. 
The time course for autolysis of pepsin, was measured by the 
TCA-preclpltation method at 47 in the pH range 1.7 - 4.0 at ionic 
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Figure 11. Autolysis as a Function of pH a t 25 . Experimental 
condltlonss Prote in concentration 0.15^, lonle s t rength 0.15, the 
time of Incubation was 2 hours. 
I 
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,. strength 0.15; the concentration of the protein was generally 0,15fo» 
I The results are shown in Figure 12 in the form of a plot of log (a-x) 
versus time in minutes; a represents the amount of intact pepsin in 
mg and x is the mg of pepsin that has undergone autodigestion in a 
given time. The value of a was obtained by subtracting the amount 
of split products in the commercial dry pepsin. The value of x at 
' given time was then computed from the measured per cent,split pro-
I ducts using the relation: 
I X = a (per cent split products)/lOO (4) 
At each pH, the plot of log (a-x) versus time (in minutes) seems to 
be linear suggesting that the autolysis of pepsin followed first 
order kinetics at all the pH values. The first order rate constant 
was computed from the slope of the curves. The data were analyzed 
by computer using the programme for the least squares. The average 
error in the determination of k was about 5%, The extrapolated 
value of the ordinate of Figure 12 at zero time, log (a~x)+_Q, was 
determined from the Intercept of the straight lines. The results 
are shown in Figure 13 and Table IV* From Table IV, it is clear 
that the value of log (a-x)+_.Q was the same, within the error of 
experiment, as that of log a. This is again consistent with the 
first order kinetics. As expected from the results of Figure 11, 
the value of log k is higher at lower pH (see figure 13). It 
remains almost the same from pH 1,7 to 2.0, The decrease in log k 
with increase in pH above pH 2.0 is steep. The curve seems to slope 
(x-«) 9oi 
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Figure 13. First Order Rate Constant as a Function of pH. 
Experimental conditions are the same as in Figure 12. 
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{ T^LE IV 
I EFFECT OF pH ON TIME COURSE OP AUTOLYSIS DF PEPSIN 
; Temperature = 47- . Ionic strength = 0.15 
Pepsin concentration 0.15^ 
^ k X 10^ log 
P^ ^ Minutes"^ (»-^)t=0 
1.5 4 . 3 1.0792 11,99 
1.7 4 . S 1.0810 12.02 
2 . 0 4 . 6 1.0947 12.44 
2 . 2 3 . 1 1.0997 12,58 
2 .5 2 . 8 1.0969 12.50 
3 . 0 1.5 1.0.753 11.90 
4 . 0 1 .6 1.1001 12.59 
1 
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off neau* pH 4 .0 . The middle point of the S-sbaped curve l i e s near 
pH 2 .5 . 
2. Effect of ionic strenjgth 
The effect of ionic strength on the auto lys is of pepsin was 
Invest igated at three ionic s t reng ths , 0 . 1 , 0.36 and 1.0 and a t 
pH 2,9, 25* ,^ the per cent s p l i t products were determined by TCA-
prec ip l t a t i on method. A ten-fold increase in ion ic s t rength , (O.l 
to 1,0) could produce an increase in the s p l i t products by about 
which was well within the experimental e r ro r . 
3. Effect of organic solvents t 
i 
The effect of seven organic so lven t s , methanol, e thanol , i 
iso-propanol , ethylene glycol , propylene g lycol , dimethyl formamide ; 
i 
and dioxane on the au to lys i s of pepsin was determined by TCA-preci- , 
p i t a t i o n method at 25®, pH 2,5 and ionic s t rength 0.15, The r e s u l t s ! 
are shown in Table V. I t i s to be noted tha t the organic solvents ! 
l i s t e d in Table V, are khown to cause denaturat ion of p ro te in in j 
concentrat ions noted in the second column of Table V. However, the 
I. 
concentrat ion of organic solvents ac tua l ly used was invar iably l ess 
than tha t for protein denaturat ion. The notable exception i s e tha-
nol which general ly denatures p ro t e ins a t concentrat ions higher 
than 2O5S, -A higher concentration of ethanol could not be used 
because of the d i f f i cu l ty in measuring au to lys i s by TCA-preciplta-
t ion method. I t can be seen tha t the au to lys i s i s hardly favoured 
! 
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TABLE V 
EFFECT OF ORGANIC SOLVENTS ON AUTOLYSIS OF PEPSIN 
Temperature 25 
pH 2.5 
I o n i c s t r e n g t h 0,15 
P r o t e i n c o n c e n t r a t i o n 0.15% 
Name of so lven t 
Dena tura -
t i on Mid 
p o i n t 
%(v/v) 
Concen t ra -
t i o n used 
%(v/v) 
S p l i t 
produc t 
Methanol 50 50 6 
Ethanol 31 10 1 
Ethanol 31 15 1 
Ethanol 31 20 32ero 
I so -propano l 26 26 4 
Ethylene g lyco l 79 79 4 
Propylene g lyco l 61 61 3 
Dioxane - 10 4 
Di oxane - 15 4 
Dimethyl formamide 60 10 2ero 
Dimethyl formamide 60 20 2e ro 
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by organic solvents. The Increase in split products from about ±7% 
in the absence of solvent to about 21,^  in the organic solvents is 
small and could very well be due to the experimental error. Even 
when the time of incubation was increased from 2 hours to 24 hours, 
no increase in autolysis could be detected. 
T 4. Effect of urea on autolysis 
The influence of increasing concentration of urea from 2 M 
to 9.6 M on the autolysis of pepsin was studied by TCA-precipitation 
method. The enzyme was incubated with urea for two hours at pH 2.5 
and at 25^. The per'cent split product was plotted against urea 
, concentration in M/L as shown in Figure 14, The per cent split 
[ product increased linearly on increasing the urea concentration from 
2 M to 8 M. The increase from 8 M to 9,6 M is steep. 
The effect of urea on the time course of autolysis of pepsin 
' was determined at seven urea concentrations in the range 0 - 10 M, 
! The enzyme was incubated with appropriate concentration of urea at 
pH 2,5, 47° and the per cent split product determined at different 
I time intervals. The results for five urea concentrations are shown 
j in Figure 15 in the form of a plot of log (a-x) versus time in 
I 
minutesi the results at two urea concentrations (2 and 6 M ) have 
been omitted in order to maintain clarity. The autolysis of pepsin 
in the presence of urea followed first order kinetics as evident 
from Figure 15, The rate constant for the autolysis of pepsin was 
determined at each urea concentration from the slope of the 
- 51 -
Figure 14. Autolysis as a Function of Urea Concentration, 
Experimental conditions: Fepsin concentration 0.15^ pH 2.5, ionic 
strength 0,15 and temperature 25°. 
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8 12 16 
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20 24 
Figure 15. First Order Kinetic Plots for the Effect of Urea 
Concentration on Autolysis of Pepsin. Experimental conditions: 
Temperature 47°, pH 2.5, ionic strength 0.15; molarity of urea for 
each curve is shown on the curve. 
L .„ _ __. _ _ _ . 
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s t r a i g h t l i n e (see Table V I ) , and log Ic was p l o t t e d a g a i n s t log 
u r e a c o n c e n t r a t i o n as shown in F igu re 16, Ev iden t ly the observed 
r a t e c o n s t a n t remains u n a l t e r e d by i n c r e a s i n g u r ea c o n c e n t r a t i o n 
upto 6 M, However, wi th f u r t h e r i n c r e a s e in u r ea c o n c e n t r a t i o n 
beyond 6 M, the r a t e c o n s t a n t i n c r e a s e d s t e e p l y , i l n a l y s i s of the 
d a t a of F igu re 16 from 6 M to 10 M by the method of l e a s t squares 
y i e l d e d the s t r a i g h t l i n e e q u a t i o n , 
log fe = 4,574 • 6.7 log (u rea ) (5) 
This would mean that at and beyond 6 M urea the observed rate 
constant varies with seven power of urea concentration at 47 , 
5. Effect of guanldlne hydrochloride 
In order to determine the effect of guanidlne hydrochloride 
on the autolysis of pepsin, the enzyme solution was Incubated with 
appropriate concentration of guanidlne hydrochloride at pH 2.5 and 
25° for a given time. The solution was then passed through Sephadex 
G-75 column equilibrated with the phosphate buffer, pH 7,0, The 
elutlon profiles obtained with 6 M guanidlne hydroQhlorlde at 10 
minutes, one hour and two hours are given in Figure 17, From the 
relative areas of the peaks A and B, the amount of split product was 
calculated at different time. The results are shown in the inset ' 
of Figure 17. It is clear that the protein in peak A migrated to 
peak B with the passage of time. Initially the autolysis is very 
fast and the reaction becomes slow after twenty minutes. The 
amount of split product increased from 63jS at an incubation time of : 
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T^LE VI 
EFFECT OP UREA ON TIME COURSE OP AUTOLYSIS OP PEPSIN 
pH 2.5 
Temperature = 47° Ionic strength = 0,15 
Protein concentration 0,15^ 
Urea k x 10^ . 
M Minutes" 
0 0,03 
2 0.70 
4 0.60 
6 0.62 
7 1.98 
8 2.85 
9 5.86 
10 9.14 
\4 
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0.6 0-8 1.0 
I04 urea concentration^ M 
Figure 16. Plot of log k versus log urea concentration. 
Experimental conditions are the same as in Figure 15. 
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Figure 17. Effect of Incubation Time on Autolysis of Pepsin 
in 6 M guanidine hydrochloride. Experimental conditionsj Pepsin 
concentration 0.15^, pH 2.5, temperature SS^. Time of incubation 
(f .f) 10 minutes, (O -.-.-.O) 1 hour, ( ) 2 hours. Inset 
shows per cent split product as a function of time of incubation. 
- ^ • . J :• 
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2 minutes to 80^ at 10 minutes. Results of Figure 17 suggest that 
the rate of autolysis of pepsin Is greatly enhanced by 6 M guanldine 
hydrochloride. 
The autolysis of pepsin was studied as a function of guanldine 
hydrochloride concentration at pH 2.5, 25 by gel chromatography. 
The enzyme solution was applied after Incubation with 2,4, and 6 M 
guanldine hydrochloride for 2 hours. Prom Figure 18, it is clear 
that the autolysis Increases with increase in the denaturant con-
centration. It should toe mentioned that elution^  volume to void 
volume ratio, V^/V„, for the two peaks in Figure 17 and 18 are 
similar. 
That the above results obtained in concentrated solutions of ', 
guanldine hydrochloride, are not artifacts, is clear from our 
experiment with the remaining pepsin exposed to pH 7.5. The remain- ' 
Ing pepsin which eluted as a single peak was incubated with 6 M 
guanldine hydrochloride at pH 7,5 for 2 hours and the solution was 
applied on Sephadex G-75 column. Interestingly the protein eluted j 
as a single symmetrical peak corresponding to the elutlon volume of | 
the remaining pepsin. 
6. Effect of sodium dodecyl sulphate 
Sodium dodecyl sulphate which is a well known protein 
denaturant, was found to have pronounced effect on autolysis of 
pepsin. The time course of the reaction was studied by incubating 
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Figure 18, Effect of guanldine hydrochloride Concentration 
on Autolysis of Pepsin. Eacperimental condit ionsj Fepsin concentra-
tion 0.155^, pH 2.5 , ionic s t rength 0.15, temperature 25 , time of 
incubation 2 hours, tkf ^^ 2 M guanldine hydrochloride / B _ / in 
4 M guanldine hydrochloride. 
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pepsin with 0,21^ sodium dodecyl sulphate at 27° for different time 
Intervals. At 47° the autolysis was too fast to be measurable. The 
autolysis of pepsin in sodium dodeoyl sulphate followed the first 
order kinetics. The rate constant computed by the method of least 
-3 —i^ o 
squares was 9.9 x 10 minutes at 27 . 
7, Effect of temperature on autolysis | 
i 
I 
The autolysis of pepsin at pH 2.5, ionic strength 0.15 and i 
at four temperatures, i.e. 25, 35, 40 and 50° was determined by gel • 
chromatography. After incubating pepsin under the desired condi- j 
tions for two hours, the pH was raised to 8,0 to stop the reaction. J 
The solution was then applied to Sephadex G-75 column and the J 
protein as well as the split products eluted. Figure 19 shows such : 
j 
elutlon profiles at 25 and 40 . The major and the minor peaks 
corresponded respectively to pepsin and its autolyzed products. 
From the relative areas of the two peaks, the per cent autolyzed 
o ' 
product was determined at 25, 35, 40 and 50 . The per cent split 
product increased only by 9% on raising the temperature from 25 to . 
40°, However, at 50°, the increase in per cent split product over 
the value at 25° was very pronounced (about 28^), ; 
8, Results from TCA-precipltation method 
The effect of temperature on the autolysis of pepsin at 
pH 
me 
2,5, ionic strength 0.15 was also determined by TC4~preoipitation 
thod, the results are shown in Figure 20. As already demonstrated 
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50 90 130 50 90 
Effluent volume, ml 
130 
Figure 19. Effect of Temperature on Autolysis of Pepsin. 
Experimental conditionss After incubating 0.15% pepsin so lu t ions a t 
pH 2 .5 , ionic s t rength 0.15 and a t temperatures / A_/ 25 and /. B_/ 
40° for two hours , were chromatographed on Sephadex G-75 column 
(2 X 42 cm) maintained at the respect ive temperatures. Plow r a t e 
was maintained to 30 ml/hour. 
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50 
Figure 20. Effect of Temperature on Autolysis of Pepsin. 
Experimental condi t ions : 0.15^ pepsin solut ions were incubated a t 
pH 2 .5 , ionic s t rength 0.15 for two hours a t the desired tempera-
tures and s p l i t products were determined by TCA-precipitation method. 
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by gel filtration data described above, temperature favours the 
autolysis of pepsin. The per cent split product increased signi-
ficantly by increasing temperature from 25 to 50°, the difference 
in split products being 20% which is somewhat lower than the value 
(28%) obtained by gel filtration method. 
9. Activation energy for the autolysis of pepsin 
The activation energy for the autolysis of pepsin has been 
determined in aqueous solution, pH 2.5 as well as in concentrated 
solution of urea. The time course of autolysis was determined by 
TCA-precipitation method. 
The kinetic experiments in aqueous buffer were performed at 
37, 45 and 47°, The results are shown in Figure 21 in the form of a 
plot of log (a-x) versus time. The straight line has been dra\«a by 
the method of least squares. The rate constant, k, at a given 
temperature was determined from the slope of the straight line of 
Figure 21, The activation energy was calculated by the help of the 
. I 
expression, 
Ink = E /^R (l/T) + constant (6) 
i 
where k i s the observed rate constant, E_ is the activation energy, \ 
^ I 
R is the gas constant and T is the temperature in absolute degree, \ 
! Using the value of k at 37 and 47 , the activation energy was | 
computed to be 10 kcal/mole. 
The autolysis of pepsin in 10 M urea, pH 2.5, ionic strength 
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Figure 21. Elrst^Order, Kinet ic P lo t s for Autolysis of 
Pepsin a t pH 2 .5 . Experimental conditionss Fepsin concentrat ion 
0.15^, ionic s t rength 0.15, temperature for each curve i s shown 
on the curve. 
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0.15 was studied as a function of time at s ix temperatures In the 
range 22-47°, The autolys is followed f i r s t order k i n e t i c s as shown 
hy the s t r a igh t l ine p l o t s between log (a-x) versus time (see 
f igure 22). Figure 22 shows the f i r s t order k i n e t i c p l o t s for 
only four temperatures; the curves for other temperatures have been 
omitted for the sake of c l a r i t y . The ra te constant was determined 
by the method of l ea s t squares from the slope of the s t r a igh t l i n e . 
The values of k a t various temperatures are l i s t e d in Table VII. 
The Arrhenlus p lo t for the auto lys is of pepsin in 10 M ureti i s shown 
in Figure 23, The s t r a igh t l ine was drawn by the method of l e a s t 
squares. The act ivat ion energy was ca lcula ted from the slope in the 
temperature range 22-#7 and was found to be 24 kcal/mole. From 
the values of the r a t e constant a t 27 and 47 , the ac t iva t ion energy 
for the autolys is of pepsin in 8 M urea a t pH 2 . 5 , ionic s t rength 
0.15 was determined to be 14 kcal/mole. 
C. Character izat ion of the s p l i t product 
!• Chromatography on Dowex-50 
The s p l i t products were i so la t ed from commercial sample of 
pepsin by Sephadex column chromatography and were chromatographed 
on a Dowex-50 column. The s p l i t product eluted in three peaks 
(see figure 24) the f i r s t symmetrical peak that e lu ted a t pH 4,0 
forms the major f rac t ion . The other two peaks were e luted with 
c i t r a t e buffer of pH 5 . 1 , The f i r s t peak presumably represents the 
acidic pept ides . 
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Figure 23. First Order Kinetic Plots for Autolysis of Pepsin 
in 10 M Urea. Experimental conditions: Pepsin concentration 0.159&, 
pH 2.5, Ionic strength 0.15. Temperature on each curve is shown 
on the curve. 
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TABLE VII 
itta-xunii v/i 10 M UREA 
Lis iXS 
pH 2 . 5 
I o n i c s t r e n g t h = = 0.15 
P e p s i n concer i t r a t i o n 0,15$^ 
Tempera tu re ODS ^ . 
Minutes 
• 
22 0.42 
27 0,87 
32 2.27 
37 2.42 
42 8.21 
47 9.14 
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I- - .. 
Fiffure 23 . Temperature Dependence of the Rate Constant fo r 
the A u t o l y s i s of Peps in in 10 M Urea. Exper imental c o n d i t i o n s a re 
the same as given i n F igure 22. ^ 
- 68 -
E 
c 
O 
CD 
CM 
ts 
a> 
o 
c (O 
.o 
i_ 
o 
V) 
0 100 150 
Fraction number 
200 
Figure 24. Chromatographic Profile of Split Product on 
Dowex 50 Column. Experimental conditions: The column (0,9 x 100cm) 
was equilibrated with acetate buffer of pH 3.1, ionic strength 0.2. 
Sample was applied and eluted with a flow rate of 20 ml/hour with 
buffers of increasing pHs, 
) 
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2, P ro teo ly t ic ac t i v i t y 
The pro teo ly t ic a c t i v i t i e s of the three peaks were checked 
by ^Anson's method using haemoglobin as the subs t ra te (86). None of 
the peptides were found to be p ro t eo ly t i c a l l y ac t ive . Mter i n c r e a s -
ing the Incubation time to 24 hours the hydrolysis of haemoglobin 
could not be detected. 
3. Molecular weight 
The pept ides under the three peaks {see f igure 24) were 
passed on a Sephadex G-25 column equi l ib ra ted with the phosphate 
buffer of pH 7,0. The peptides were e luted with the same buffer , 
in 2 ml f rac t ions a t a flow r a t e of 35 ml/hour. The r e s u l t s are 
shown in Figure 25. 4s can be seen in Figure 25 a l l the three s p l i t 
products eluted as symmetrical peak showing s ize homogeneity. We 
then passed tyros ine , g lu ta th ione , A-chaln of i n s u l i n , B-chain of 
insu l in and insu l in through the same column, the r e s u l t s are shown 
in Figure 26. The void volume of the column was determined in 
t r i p l i c a t e and was 41 ml. The gel f i l t r a t i o n data are given in 
Table VIII . The l ea s t squares p lo t of e lu t ion voliune i s to void 
volume versus log M gave the s t r a igh t l i ne (see f igure 27), 
V^/VQ = - 1.41 log M + 5.35 (7) 
The values of V./V of the three f radt ions are shown in Figure 27 
by arrows. The molecular weights of the f i r s t , second and th i rd 
f ract ions were determined by the help of Equation 7 and were 4593, 
4305 and 3111, respec t ive ly . 
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Figure 25. Chromatographic Profiles of the Three Fractions 
of Split Product on Sephadex G-25, Experimental conditionsj 
Peptides were eluted with citrate buffer of pH 4.3, ionic strength 
0.2 at a flow rate of 30 ml/hour. 
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T^LE VIII 
DATA ON SEFHADEX GEL FILTRATION FOR THE DETERMINATION OP MOLECULAR 
WEIGHT 
V^ ^ 41 ml 
Marker Molecular weight (M) log M 
V 
(ml) \ / \ 
Tyrosine 
Glutathione 
Insulin A chain 
Insulin B chain 
Insulin 
Spli t product I 
Spli t product I I 
Spli t product H I 
181 2 .2577 90 2 . 2 0 
343 2*5 35 3 80 1.94 
2698 3 .4298 58 1 .41 
3002 3 .4771 56 1.36 
5700 3 .7558 • 44 1.07 
4593 3 . 6 6 2 1 49 1.19 
4305 3 .6339 50 1 .21 
3111 3 .4929 54 1 .31 
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Figure 27. Cal ibrat ion curve for the Determination of 
Molecular Weight on Sephadex G-25 Column. Experimental condit ions 
are the same as given in Figure 25. 
IV. DISCUSSION 
A, Properties of Pepsin 
The commercial sample of pepsin which has been used 
throughout these studies was heterogeneous with respect to size as 
well as charge. Thus the commercial pepsin eluted as two peaks on 
Sephadex G-75 coliunn. The major peak corresponded to the undigested 
enzyme which has been referred to as the remaining pepsin and the 
minor peak represented the split product produced as a result of 
autodigestion of pepsin. The behaviour of the remaining pepsin on 
DEAE-cellulose column suggested charge homogeneity. It should be 
noted that the remaining pepsin and the pepsin freshly prepared 
from pepsinogen were indistinguishable in their gel filtration 
behaviour. This would mean that the gross molecular morphology of 
the remaining pepsin is essentially the same as that of the freshly 
prepared pepsin. However, as judged from experiments 6n polyacryl-
amide gel electrophoresis the remaining pepsin had a minor impurity 
of about 3-5% whereas the fresh pepsin moved in the gel as a single 
band. As a matter of fact, the heterogeneity of the commercial 
sample observed in this study, had been earlier demonstrated on a 
number of occasions (5,35,62-71), 
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The proteolytic activity of remaining pepsin was about twice 
that of the commercial sample. This by implication would mean that 
the split product present in the commercial sample may have acted 
as inhibitor. This is consistent with the earlier observations of 
Determann ejt al. (72) that the split product produced notable inhi-
bition of peptic activity. The intrinsic viscosity of pepsin in 
acetate buffer pH 4.3, ionic strength 0.2 at 25** was measured to be 
2.8 + 0.3 ec/gm which was about 12^ lower than those reported eeirlier 
(52), The intrinsic viscosity of the native pepsin was measured by 
Edelhoch (52) in cacodylate buffer, pH 4.4 at different ionic 
strengths in the range 0,01 - 0.1 and the values were found to be in 
•the range 3.1 - 3.3 cc/gm. Bovey and Yanari (44) reported a value 
of 3.1 cc/gm for native pepsin in 0.01 M KCl, pH 4.0, It should be 
pointed out that Bovey and Yanari (44) have not mentioned whether or 
not they have accounted the possible autolysis in their measurement. 
Furthermore, we have found that the procedure used by Edelhoch I 
underestimates autolysis. The latter would tend to overestimate the 1 
! 
measured intrinsic viscosity. This would presumably account for the 
relatively higher value of the intrinsic viscosity determined by 
Edelhoch (52). 
The equivalent hydrodynamic radius of native pepsin was 
computed to be 2.4 nm which compares favourably with the value of 
2.3 nm reported for the Stokes radius of the enzyme (94). The 
values of axial ratio and frictional ratio for native pepsin were 
calculated from the viscosity data and were identical with those 
reported in the literature (5 2). The intrinsic viscosity of 
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! globular and conqjact proteins generally lies in the range 
* 3 ~ 4''cc/gm (9l). However, values lower than 3 co/gm have heen 
found for well known globular proteins (95,96) sueh as lysozyme 
1 (2.6 cc/gm) and chymotrypsinogen (2.5 cc/gm). Thus, our hydro-
dynamic results suggest that pepsin in acetate buffer, pH 4.3, ionic 
j ^ strength 0^2 and at 25° exists in coiapaet and globular o on formation. 
i "..,_ ...... _ 
Although the intrinsic viscosities of pepsin with disulfide 
j bonds reduced in 10 M urea and in 6 M guanidine hydrochloride were 
I much lower than those expected for the randomly coiled protein, our 
I 
' v i s cos i ty r e s u l t s do ind ica te extensive disrupt ion of the nat ive 
I . • 
I conformation of pepsin in 6 M guanidine hydrochloride and in 10 M 
i urea. Earlier observations suggested little or no change in the 
I 
j native conformation of pepsin by 1-8 M urea (58,97), However, our 
J '^  
preliminary viscosity studies as well as those of Steiner e_t al. (59)1 
suggest definite conformational change in native pepsin at 8 M urea, , 
j Blumenfeld and coworkers (6l) have found that the native conforma-
1 tion of pepsin is not significantly influenced by guanidine hydro-
chloride upto 4 M concentration. However, further increase produced i 
changes in the optical rotatory dispersion characteristics indica- ! 
I 
t ing (conformational change. 
Spectrophotometrie T i t ra t ion . I 
I 
The spectrophotometrie titration results obtained for the i 
remaining pepsin in the pH range 8,6 - 13.2 showed the presence of , 
15 phenoxyl groups which is lower than that reported earlier by 
.1 
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Blumenfeld and Perlmann (48) and Rajagopalan ejt aJ. (s) on the basis 
of amino acid analysis. However, the value reported in this study is 
identical to that expected from the amino acid sequence of porcine 
pepsin described recently by Tang e_t al^ . (40). 
That the increase In pH from 2 to 7 caused denaturation and 
loss of biological activity of pepsin is now well Imown (52,56). 
Thus the titration characteristic which has been investigated in this 
study must refer to those of the phenolic groups in conformationally 
altered pepsin, the remaining as well as the fresh preparations. 
4s judged from the phenolic titration curve eight out of 
fifteen groups titrated with a pK value of about 11.5, the rest 
were inaccessible and became available for titration only upon 
extensive alkaline denaturation. In contrast to remaining pepsin, 
five out of eight phenoxyl groups, which titrated reversibly up to 
pH 12.0 in fresh pepsin had a pK veaue of about 10.4; the remaining 
groups titrated with higher pK value. The additional six tyrosine 
residues which titrated upto pH 12.7 were inaccessible in fresh 
pepsin exposed to pH 8,6. Presumably even this alkaline denatura-
tion was not sufficient to make the seventh tyrosine residue avail-
able for titration. The higher pK value (ll.S) of phenolic group 
in the remaining pepsin showed that eight tyrosine residues are 
under the influence of strong electrostatic interaction which is 
considerably reduced for the five phenolic groups in the fresh 
pepsin. In fact, the pK value of five phenolic groups in fresh 
pepsin is comparable to that found for the same group,in lysozyme 
T\572 
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and pepsinogen (99), A probable clue to the observed difference in 
the titration behaviour of phenolic groups in remaining and fresh 
pepsins both exposed to pH 8.6 may be traced in the charge distri-
^ bution which is dictated by the internal structural organization of 
the two molecules. However, the difference in the conformations of 
remaining pepsin and fresh pepsin is too small to be detectable by 
the gel filtration. 
In the absence of relevant structural data on fresh pepsin 
exposed to pH 8.6 it is hard to identify the different phenoxyl 
groups. However, a reasonable, although tentative explanation, for 
the observed titration behaviour of the phenolic groups in fresh 
pepsin exposed to pH 8.6 may be given in the light of the known 
primary structure of pepsin (40), Thus the seven tyrosyl residues 
which will possibly have hydrophobic environment and buried in the 
protein interior may be tyrosine 113, 114, 125, 154, 189, 268 and 
275 in the sequence; tyrosine 113 may be buried more than the others, 
Tyrosines 9, 14 and 311 have aspartic acid and/or glutamic acid 
residues as proximal residues and, therefore, may show abnormally 
higher pK values ( '^  11.o). The easily accessible phenolic groups 
with reduced electrostatic interaction may be tyrosines 44, 86, 174, 
175 and 310. 
B. Autolysis of Pepsin 
1. Effect of pH 
Autolysis of pepsin is an enzymatic process in which one 
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pepsin molecule itself serves as a substrate for the other. The 
proteolytic activity of pepsin is known to depend upon pH; maximum 
activity lies in the pH range 0.5 - 2.0 (lOo). At higher pH values 
above pH 2 the enzyme showed diminished activity upto pH 6,5 beyond 
which the peptic activity is completely lost (52) , The results on 
the effect of pH on autolysis of pepsin are consistent with the 
observations on the effect of pH on proteolytic activity of the 
enzyme. Thus, maximum autolysis in the pH range 0,5 - 2.0 and the 
steep decrease in autolysis by increasing ihe pH to 4.0 and finally 
the pH independence M autolysis above pH 5.0, are quite under-
standable. Although Blumenfeld et al. (6l) did not study autolysis 
systematically but they were able to show some influence of pH on 
the autolysis of pepsin. Despite the significant influence of pH 
on autolysis of pepsin which has been noticed in this study," it is 
striking to note that even a ten fold increase in ionic strength 
from 0.1 to 1.0 had no detectable Influence on the autodigestion 
of pepsin at pH 2.5 and 25 , 
The course of autolysis of pepsin followed first order 
kinetics under various conditions of pH, temperature and denaturant 
concentration. As expected the rate constant for the autolysis of 
pepsin showed strong pH dependence; the value of log k was maximum 
at pH 2 and fell steeply with increase in pH. Prom the log k - pH 
profile, it may be concluded that the ionizable groups that are 
involved in the autodigestion of pepsin, possess a pK value of 
about 2.5 which would mean that the group in question must be 
carboxyl group derived from aspartic and/or glutamic acid residues 
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of pepsin. Interestingly, two aspartlc acid residues have been 
implicated at the active site of pepsin (22,34-40) and these have 
been identified to be aspartlc acid 32 and 215. Further, from the 
pH dependence of pepsin inactlvatlon by l,2-epoxy-3-(p-nltrophenoxy) 
propane, Hartsuck and Tang (32) concluded that an aspartyl residue 
with a pK less than 3 was in the active centre of the enzyme. The 
aspartlc acid residue was in the sequence Ile-Val-Asp-Thr-Gly-Ser-
Ser(32), Comparison of the sequence of octapeptide with the com-
plete primary structure of pepsin (40) suggests that the active 
centre aspartlc acid residue is probably aspartlc acid 32. 
2. Effect of organic solvents 
Among the seven organic solvents which have been studied, 
dimethyIformamide and ethanol had no effect on the autolysis of 
pepsin at pH 2.5, 25 , Other solvents namely, ethanol, isopropanol, 
ethylene glycol, propylene glycol and dioxane had small but detect-
able effect on the autolysis of pepsin. The organic solvents listed 
in table V do not significantly Influence the native conformation 
of pepsin in the concentrations described in Table V. However, the 
aliphatic alcohols significantly inhibit the proteolytic activity 
of pepsin and the inhibition is competitive (31). It therefore 
seems likely that the decrease in autolysis observed in organic 
solvents has been due to solvent induced inactlvatlon of the enzyme. 
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3. Effect of urea 
The autolysis of pepsin showed strong dependence on urea 
concentration particularly above 7 M. This confirms the earlier 
finding of Perlmann that pepsin showed marked autolysis in 8 M urea 
(57). The increase in autolysis on increasing the urea concentra-
tion from 2 M to 9,6 M as well as the steep increase in the rate 
constant for the autolysis from 7 M to 10 M (rate constsmt varied 
with seven power of urea concentration) suggests that pepsin is 
active even in 10 M urea at pH 2,5. The increase in autolysis with 
increase in urea concentration may be attributed to the exposure of 
increasingly large number of peptide groups which had occurred at 
higher urea concentrations. 
4, Effect of guanidine hydrochloride 
The effect of guanidine hydrochloride, a potent protein 
denaturant, on autolysis of pepsin at pH 2.5, 25® was found to be 
qualitatively similar to that of urea. Thus on increasing the 
guanidine hydrochloride concentration from 2 M to 6 M, the per cent 
split product Increased appreciably. It should be noted that at 
a given concentration, guanidine hydrochloride was much more 
effective than urea in enhancing the autolysis of pepsin. For 
example, 6 M guanidine hydrochloride produced 81% split product as 
against only 16^ in urea of identical concentration. This again 
is in accord with the fact that guanidine hydrochloride is more 
effective protein denaturant than urea (9l,lOl). 
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5. Effect of sodium dodecyl sulphate 
As expected, the autolysis of pepsin was greatly enhanced 
by sodium dodecyl sulphate. The rate constant in 0,2$^  sodium 
dodecyl sulphate, pH 2.5 at 27 was nearly the same as in 10 M 
urea pH 2.5, 27*^ . There is evidence that sodium dodecyl sulphate 
decreases the proteolytic activity and possibly disrupts native 
conformation of pepsin (60), In 0.2^ sodium dodecyl sulphate 
initially there would be a mixed population of pepsin consisting of 
folded (active) and unfolded (inactive) molecules; the unfolded 
molecule need not be fully xmfolded. The unfolded molecule will 
serve as a better substrate than the folded one. Thus enhanced 
autolysis of pepsin in 0.2^ sodium dodecyl sulphate at pH 2.5 is 
quite expected. 
6. Effect of temperature 
Results obtained both by TCj4-precipitation method and gel 
chromatography showed that the autolysis of pepsin in aqueous 
buffer pH 2.5, ionic strength 0.15 strongly depends on temperature. 
The variation of rate constant with temperature in the range 
37 - 47°, is consistent with an activation energy of about 10 kcal/ 
mole. It should be noted that a comparable value has been reported 
for the hydrolysis of casein by trypsin (102). Activation energy 
showed dependence on urea concentration. Thus the activation 
energy for the autolysis of pepsin in 10 M urea pH 2.5, ionic 
strength 0,15 is 24 kcal/mole which is 1.7 times the value found 
in 8 M urea. 
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C. Sp l i t Product 
Three peptides were i so la ted from the s p l i t product having 
molecular weights of 4593, 4301 and 3111 respec t ive ly . The f i r s t 
peptide appears to be most ac id ic . ¥e were not able to detect a 
peptide having molecular weight of 11000 which was e a r l i e r found 
by Marpi l lero. Contrary to the previous repor t s (73-77), none of 
the three peptides cons t i tu t ing s p l i t products were found to be 
p ro t eo ly t i ca l l y ac t ive . We therefore confirm the conclusion which 
has been reached by Determann ejt a l . (72) that s p l i t product was 
devoid of p ro teo ly t ic ac t iv i ty and that the observed a c t i v i t y may be 
due to the possible contamination of the s p l i t product with the 
act ive pepsin. 
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